Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^H 










Priec Two ShilHnei. 


THE PRACTICE 

EMBANKING L.\NDS FROM 
THE SEA. 


BY JOHN WIGGINS, F.G.S,, 

1 Pabts I. & U. 


lOKBOXijnnWI-IUM, ISSl. 


■1 




^H 



i 




2L 



? 



II 



^uUimentarj^ S^titntiSt Sorites* 

MR. WEALE'S 

SERIES OF RUDIMENTARY WORKS 

FOB TBB U8B OF BBGINNSKS. 



T 



NEW LIST FOR 1852. 

The whole Series, comprising 105 Tolumes, will be suceeeded by other interesting 

and useful works more especially intended for Public Instruction; written by 
learned and efficient masters in the several branches of Education. 

1. Rudimentary Chemistry, by Professor Fownes, F.R.S., &c. 3rd edition, 

and on Agricultural Chemistry, for the use of Fanners . 1«. 

2. — i— Natural Philosophy, by Charles Tomlinson, 2nd edition . 1«. 

3. Geology, by Lieut.- Col. Portlock, F.R.S., F.6.S., &c. 2nd edit. 1 «. 6d. 

4. ' Mineralogy, by D. Varley, vol. i. 2nd edition . . . 1«. 

5. ■ vol. ii. „ ... 1*. 

6. Mechanics, by Charles Tomlinson, 2nd edition , . . 1«. 

7. Electricity, by Sir William Snow Harris, F.R.S., &c. 2nd edit., 

with the important addition of the Cavendish Papers . I$f6d. 

8. ^..^—.^ Magnetism: an Exposition of the General Principles of 

Magnetical Science, by Sir W. Snow Harris, vol. i. . . 1«. 

9. vol. ii. . Is, 

10. — — vol. iii. .l«.6<f. 

1 1 . History, Progress, and Present State of the Electric Telegraph 

in its several applications, by Edward Highton, C. £. . Is, 

12. —— Pneumatics, by Charles Tomlinson, 2nd edition . . . Ii, 

13. Civil Engineering, by Henry Law, C.E., vol. i. 2nd edition Is. 

14. — • — voL ii. . . Is. 

15. ■ — ' — — voLui. . . Is. 

16. Architecture (Orders), by W. H. Leeds, 2nd edition . . Is, 

17. Ditto, (Styles — ^their several examples,) by T. Bury, Architect Is. 

18. Principles of Design inArchitecture,byE.L.6arbett, Arc*. Vti. Is. 

19. voL Ii. Is. 

20. Perspective, by G. Pyne, Artist, vol. i. 3rd edition . . Is. 

21. vol. ii. „ . . . Is. 

22. Art of Building, by E. Dobson, C.E., Assoc. Inst. C.E. . Is. 

23. Brick-making, Tile-making, by the same, vol. i. . Is. 

24. ■ ^_«^__ voL ii. . Is. 

25. Maflonry and Stone-cutting, by the same . . Is. 

26. Illustrations of the preceding, in 16 4to atlas plates . . Is, 

27. Art of Painting, or a Grammar of Colouring, by George 

Field, Esq., vol. L .Is. 

28. vol iL Is. 

29. Draining Districts and Lands, by G. D. Dempsey, C.E. Is, 

30. Draining and Sewage of Towns and Buildings, by 

the 6ame 1«. 

31. Well-dnking and Boring, by J. G. Swindell, Archi- 
tect, 2nd edition, revised by G. R. Bumell, C.E. . . Is. 
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2 RUDIMENTARY SCIENTIFIC WORKS 



32. Rudimentary Art of Use of Instruments (generally), by J. F. Heather, 

M.A., of the Royal Mil. Acad., Woolwich, 2nd edit. . 1«. 

33. Constructing Cranes for the Erection of Buildings 

and for Hoisting Goods, by J. Glynn, P.R.S., C.E. . . U, 

34. Treatise on the Steam Engine, by Dr. Lardner. {Written 

specially /or this Rudimentary Series,) . . . . 1«. 

35. Art of Blasting Rocks and Quarrying, and on Stone, by 

Lieut-Gen. Sir John Burgoyne, K.C.B., R.E., &c. &c. . U, 

36. Dictionary of Terms used by Architects, Builders, CivU and 

Mechanical Engineers, Surveyors, Artists, Ship-builders, 
&c. vol. i 1j. 

37. ^^— ^— — — vol. iL 1^. 

38. vol. iii 1*. 

39. vol. iv 1^. 

40, Art of Painting on Ghiss, or Glass-Staining, by Dr. M. A. 

Gessert, with an Appendix on the Art of Enamelling, &c. U. 

41. Essay on the Art of Painting on Glass, by E. 0. Fromberg 1*. 

42. Treatise on Cottage Building ; and some new Hints for Im- 

proving Dwellings, by C. B. Allen, Architect . . . 1». 

43. Tubular, Girder Bridges, and others, more par- 

ticularly describing the Britannia and Conway Bridges, 
with the Experiments made to determine their form, 
strength, and efficiency, by G. D. Dempsey, C.E. . . U. 

44. ■ Foundations and Concrete Works, by E. Dobson, 

C.E 1,. 

45. •' ' Limes, Cements, Mortars, Concrete, Mastics, 

Plastering, &c., by Geo. R. Burnell, C.E. . . . I«. 

46. ' the Art of Constructing and Repairing Common 

Roads, by H. Law, C.E. 1^. 

47. • the History, Construction, and Illumination 

of Lighthouses, by Alan Stevenson, LL.B., F.R.S.E., 

M. Inst. C.E voL i. U, 

48. — — 1— Ditto, Continuation of the same subject, vol. ii. U, 

49. -vol. iii. U. 

50. ■ the Law of Contracts for Works and Services, by 

David Gibbons, Esq 1^, 

51. — — ■ Naval Architecture, the Elementary Principles of 

the Sdencc, by J. Peake, H. M. Naval Architect . . 1*. 

52. ■ the Practical Principles of Ditto, forming a 2nd 

and a 3rd volume, to complete the work, vol. i. . . \a, 

53. ——— -^— — — — ■ vol. ii. . . U. 

54. : Masting, Mast-making, and Rigging of Ships . U. 

55. ■ . — Navigation : the Sailor's Sea-Book ; in two 

Parts : i. How to keep the log and work it off. ii. On 
finding the latitude and longitude. By James Green- 
wood, Esq., B. A.— With Directions for Great Circle 
Sailing; an Essay on the Law of Storms anid Variable 
Winds; and an Explanation of Terms used in Ship- 
Building, with coloured illustrations of Flags, vol. t . U, 
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FOR THE USE OF BEGINNERS. 3 

56. Rudimentary Treatise on Navigation, &c.» vol. ii Is. 

57. the Principles of the Art of Warming and Ven- 
tilating Domestic and Public Buildings, Mines, Light- 
houses, Ships, &c., by Chas. Tomlinson, vol. L . . 1«. 

58. -—-----— —^——— —————— voLii. . 1». 

59. • — ' Steam Boilers, their Construction and Practical 

Management, by Robert Armstrong, C.E. . . . 1«. 

60. — -— — — ^— Land and Engineering Surveying, for th6 use 

of Schools and Private Students; for Practical Land 
Surveyors, and Engineers, by T. Baker, C.E.. vol. i. . 1«. 

61. ' — voLii. . 1*. 

62. — — • Introductory Sketches of Railway Details, by R. M. 

Stephenson, C.E. . • . . . . . . Is. 

63. Treatise on the Construction of Agricultural Buildings of every 

description, by G. H. Andrews, Agricultural Engineer . Is, 

64. — ^— on Motive Powers, and the Machinery of the 

Steading, by G. H. Andrews, A.E Is. 

65. on Agricultural Field Engines, Machines, and Im- 
plements, by the same ....... Is. 

66. on Clay Lands and Loamy Soils, and the Value of 

different Lands, by Prof. Donaldson, Government Land 
Drainage Surveyor Is. 

67. on Clock and Watch-making, and on Church Clocks, 

with ittostrations, by E. B. Denison, M. A., voL i. . . Is, 

vol. ii. . . Is. 

. and Practical Treatise on Music, with plates of examples, 

by C. C. Spencer, Professor of Music, vol. i. • . .Is. 
■ — vol. ii. , . .Is. 
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Instruction tor Playing the Piano-Forte, by the same . . Is. 
Treatise (A Manual of the MoUusca) on Recent Fossil 

Shells, by S. P. Woodward, Assoc, of the Linnsean Soc. . Is. 

' Illustrations to Do. 1*. 

■ ' ■ vol. ii. of the same . 1*. 

— — ^-^^— — — ^— ^— Illustrations . . Is. 



\* Coloured after nature, price lOs, 6d. each series. 

— Treatise on Descriptive Geometry, with the Theory of Sha- 
dows and of Perspective, from the French of G. Monge, by 

J. F. Heather, M.A Is. 

Descriptive Geometry: Illustrations to the same. 



in 14 plates, atlas 4to Is. 

Steam as applied to General Purposes and Loco- 



motive Engines, by J. Sewell, C.E. . . vol. i. . Is. 

— Locomotive Engines only, by the same, vol. ii. . Is, 

Supplementary volume to the above, illustrative 



of the Origin, Growth, and rapid Developments of the 

Locomotive Engine Is. 

Marine Engines, particularly in reference to H.M. 



Steam Navy, by R. Murray, C.E. . . . vol. i. Is. 
Ditto, and on the Screw, &c., by the same, vol. ii. l.». 
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4 RUDIMENTARY SCIENTIFIC WORKS. 

82. Rudimentary Treatise on the Power ofWater, as applied to drive Flour- 
Mills, and to give Motion to Turbines and other Hydro- 
static Engines, by Jos. Glynn, F.R.S., C.E. . . . Is, 

83. Book>Keeping and Commercial Phraseology, by James 

Haddon, M. A., King's College, London . . . , Is, 

MATHEMATICAIa SERIES. 

84. _.-..— and Elementary Treatise on Arithmetic, with a full explana- 
tion of the Theory, and numerous Examples for Practice 
and for Self-Examination ; with Answers at the end : by 
J. R. Young, late Prof, of Mathematics, Belfast ColL . Is, 

85. .^-~.-^.— i Equational Arithmetic, applied to Questions of Interest, An- 
nuities, and General Commerce : also Formulae for the so- 
lution of all ordinary Calculations by a simple Equation, 
by W. Hipsley, of Hull Is, 

86. Elements of Algebra, for the use of Schools and Self- Instruc- 
tion, vol. i. by James Haddon, M. A., King's Coll., London Is. 

87. voL iL by the same 1*. 

88. Principles of Geometry ; the application of Logic to Geome- 
trical Reasoning, based on the text of Euclid, Books 
1, 2, 3. By Henry Law, C. E., vol. L . . . . 1^. 

89. ^----— ---—---— -———— vol. ii., by the same ; 4th, 5th, 6th, 

11th and 12th Books of Euclid, with illustrative Notes, 
and a practical application of the various theorems . Is, 

90. Analytical Geometry, by James Hann, Professor, King's ColL Is. 

91. —— Treatise on Plane Trigonometry, by the same . . , Is. 

92. Spherical Trigonometry, by the same . . Is. 

93. Elements and Practice of Mensuration and Geodesy, by T. 

Baker, C. E Is, 

94. __— Treatise on Logarithms, vol. i. by Henry Law, C. E. . . Is, 
95. Tables for facilitating Astronomical, Nautical, Trigonometri- 
cal, and Logarithmic Calculations, vol. ii., by the same . Is. 

96, ■ and Elementary Treatise on Popular Astronomy, by the Rev. 

Robert Main, of Her Majesty's Observatory, Greenwich . Is, 

97. Principles and Practice of Statics and Dynamics, by T. 

Baker, C. E Is. 

98. — i— Elements of Mechanism, elucidating the Principles developed 

by the Science of Mechanics for the elementary and prac- 
tical construction of Machines, for the use of Schools and 
the Student in Mechanical Engineering, by T. Baker, C.E. Is. 

99. The Theory and Practice of Nautical Astronomy and Navigation, by 

H. J. Jeans, Royal Naval College, Portsmouth, vol. i. . . Is. 

100. — vol. ii. . 1*. 

These Tolumes describe the use of the * Nautical Almanac,' by means of an investi- 
gation of the construction of some of the Tables contained therein: they also 
contain numerous easy Examples,— Rules at length for finding the latitude and 
longitude and yariation of the compass, and also their investigation, — thus 
rendering it complete, without reference to any other work on the subject. 
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102. Rudimentary Integral CalciiluSy in which the Principles are also clearly 

elucidated, by Homersham Cox, M. A. of Cambridge . I«. 

103. — Collection of Examples of the Integral Calculus, voL i. by 

James Hann, Professor, King's College . . . 1«. 

104. the Differential Calculus, vol. ii. 

by J. Haddon, M. A., King's College . . . . 1«. 

105. ' and First Mnemonical Lessons in Algebra, Geometry, and 

Trigonometry, by the Rev. Thos. Penyngton Kirkman, 

M. A., Rector of Croft-with-Southworth, Lancashire . \8,^d. 

This volume, which contains more than the usual number of pages, is an excellent 
accompaniment to the 21 preceding works. 
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NEW SERIES OF ^LONDON.' 

A new Series at \s, each, developing in Ten Sectional Diyisions^ 
for the convenience of the Industrial Classes, 

THE METROPOLIS OF THE BRITISH EMPIRE 
AND ITS NEIGHBOURHOOD, 

Described and elucidated by an Exposition of its History and Antiquities : 

INCLUDING 

The History of the Corporation of the ancient City of London — its Arts, Trade, 
and Commerce — its Architecture, Club-Houses, Docks, Picture Galleries, Scientific 
Institutions and Public Libraries, Astronomical Observatories in and near London, 
and other interesting and useful information, amply described and illustrated. 

The following opinion of the whole combined as a volume has been expressed 

by a periodical of the highest standard, devoted to literature and the arts : 

** A Tolnme of nearly a thousand closely printed pages descriptive of everything that can 
interest the stranger or the resident, profiuely embellished with more than two hundred care- 
fully executed wood-cuts of the principal points of interest in its thoroughfares, and a newly 
constructed Map by Mr. Lowry, cannot be otherwise than acceptable to the mass of risitors 
to the Metropolis at the present time. When we add that all this is produced at an exceedingly 
moderate cost, we cannot but feel that Mr. Weale's work was suggested by higher than mere 
trade notions,— by a wish, in fact, to be serviceable to all who wanted such services. Throughout 
we trace a careful desire to be accurate and a freedom from a mere common-place laudation of 
certain pet places which are stereotyped for praise, such as the riew frt>m Richmond Hill and 
other localities. With such a book as this none but the hypercritical could be dissatisfied. 
In going over so large a field, and the vast amount of pains taken, the insignificance of a few 
slips of the pen render them venial. We cannot but feel the superiority of a work of this kind 
to some more ambitions hand-books, which are made up by a paste-and-scissors process, with an 
abundance of quotations frt>m old books, containing mere nominal allusions to places and things, 
void of all interest but that which the philosophical inquirer may need in noting the misdirected 
ingenuity of the compiler. Mr. Weale's book takes a higher position than these, and he is justly 
entitled to higher reward* His volume is a sensible and useful e^de.'*»ifrt-£rntois Joumo/, 
Sept. 1851. 

1. London. — Section i. The Physical Geography of the Basin of the Thames 
— II. Climate — iii. Geology — iv. Natural History — v. Statistics — 
Spirit of the Public Journals — ' Times' Printing-press — ^vi. Legislation 
and Government, Municipal Arrangements, Police, Postal Arrange- 
ments — Banking — Assurance Offices — Export and Import Duties. 
Wood'Cufa of * Times' Machine Is, 

2. Architecture — Remarks on its History — ^thc Tower — Temple 
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6 NEW SERIES OF ' LONDON.' 

Church — ^Westminster Abbey — St. Stephen's Chapel — St. Paul's — 
Churches, including those by Sir C. Wren, Inigo Jones, Sir W. Cham- 
berSj &c. 30 wood-cuts, interior and exterior of Churches . . Is. 

3. London. — Somerset House — St. Paul's before the fire — Almshouses — ^Arts, 
Manufactures, and trades — Tables of Life Assurance Companies, with 
the Rates of Premiums — Asylums — ^the Bank of England — Baths and 
Washhouses — Buildings for the Labouring Classes — Breweries — 
Bridges — ^Canals — Cemetery Companies — Club-Houses. 27 wood-cuts \s, 

4. Club-Houses — Churches — Colleges — an elaborate account of 

the Privileges and Constitution of the City of London, a special article 
— Customs, Custom House, Docks, and Port of London — Royal Dock- 
yards, with plans — Ducal Residences — ^the Electric Telegraph — Educa- 
tion — ^Engineering Workshops — ^the Royal Exchanges, Coal and Com 
Exchanges — Coffee Houses, &c. 30 wood-cuts of Club Houses, the 
Docks, and the three Royal Exchanges, plans and elevations . . \s. 

5. ' Galleries of Pictures. — Succinct account of all the Pictures, with 

the names of the Masters, in the Galleries and Collections of Lord Ash- 
burton — Barbers' Hall, City — Bridewell Hospital — Thomas Baring, 
Esq., M.P. — ^the Society of British Artists — British Institution — British 
Museum — the Duke of Buccleuch — Chelsea Hospital — the Duke of 
Devonshire — G. Tomline, Esq., M.P. — Dulwich College — ^the Earl of 
Ellesmere — the Foundling Hospital — School of Design — Greenwich 
Hospital — ^Vernon Gallery — Grosvenor Gallery — Guildhall — Hampton 
Court — T. Holford, Esq. — H. T. Hope, Esq., M.P. — St. James's Palace 
— H. A. J. Munro, Esq. — Kensington Palace — the Marquis of Lans- 
downe — the National Gallery — National Institution — the Duke of 
Northumberland — Lord Overstone — Mr. Sheepshanks — Lord Garvagh 
— Earl de Grey — ^Lord Normanton — Sir Robert Peel — ^the Queen's 
Gallery, Buckingham Palace — Samuel Rogers, Esq. — Royal Academy 
— Society of Arts — the Duke of Sutherland — Lord Ward — ^the Marquis 
of Hertford— the Duke of Wellington— Whitehall Chapel— Windsor 
Castle, &c. 13 wood-cuts \s, 

6. ' Gas Works and Gas-lighting in London — Gardens, Conser- 

vatories, Parks, &c around London, with an account of their for- 
mation and contents. 21 wood-cuts of the principal Conservatories, 

Gardens, &c 1«. 

7. Halls, Hospitals, Inns of Court — Jewish Synagogues — Schools, 

Learned Societies, Museums, and Public Libraries — Lunatic Asylums 
— Markets — Mercantile Marine — ^the Mint — Music, Opera, Oratorio 
— Musical Societies, &c. 11 wood-cuts 1«. 

8. ^— Observatories in London and its Vicinity — Observatories and 

Astronomical Instruments in use at Cambridge and Oxford, with 20 
wood-cuts of interior «nd exterior of Observatories, and of Astronomical 
Instruments \s. 

9. Patent Inventions in England — Public and Private Buildings 

of London, criticisms on the taste and construction of them — Houses 

of Parliament-*-Prisons, &c. 16 wood-cuts Is. 

10, — — Railway Stations in London — Sewers — Statuary — Steam Navi- 
gation on the Thames — ^The Works of the Thames Tunnel — Water- 
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Supply to the Metropolis — Excursion to Windsor, with views and 
plans ; plans of the Stables, &c. — The Two Universities of Cambridge 
and Oxford, with views and plans of the Colleges ; and an Index and 
Directory. 25 wood-cuts If. 

*i^* The following gentlemen were contributors to the preceding : 

P. P. Baly, £sq.C.E. George Hatcher, Esq. C.E. William Pole, Esq. 

6. B. Bumell, Eaq. C.E. Edwu^ Kemp, Eaq. George Pyne, Eaq. 

M. H. Breslau, Esq. Henry Law, Esq. C.E. Charles Tomlinsoa, Esq. 

Hyde Clarke, Eaq. C.E. W. H. Leeds, Esq. W. S. B. Woolhouse, JSaq. 

E. L. Garbett, Esq. Architect. Rev. Robert Main, LL.D. Actuary. 

J. Harris, Esq. C.E. H. Mogford, Esq. 



NEW SERIES OF EDUCATIONAI. WORKS; 

OR 

Volumes intended for Public Instruction and for Reference : 

To be published in the course of 1852. 

The public favour with which the Rudimentary Works on scientific subjects have 
been received induces the Publisher to commence a New Series, somewhat different 
in character, but which, it is hoped, may be found equally serviceable. The 
Dictionaries of the Modern Languages are arranged for facility of reference, 
so that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a slight 
acquaintance v^th the respective languages. They will also be found of essential 
service for the desk in the merchant's ofiice and the counting-house, and more 
particularly to a numerous class who are anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dictionaries has long been 
felt by the younger students in schools, and by the classical scholar who requires a 
book that may be carried in the pocket ; and it is believed that the present is the 
first attempt which has been made to offer a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on England, Grbbcb and Rome, it is intended to treat of 
History as a Science, and to present in a connected view an analysis of the large 
and expensive works of the most highly valued historical writers. The extensive 
circulation of the preceding Series on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive evidence of the 
desire of our industrious classes to acquire substantial knowledge when placed 
within their reach ; and this has induced the hope that the volumes on History 
will be found profitable not only in an intellectual point of view, but, which is of 
still higher importance, in the social improvement of the people ; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it is impossible that a correct judgment can be formed by the 
mass of the people of the measures best calculated to increase the national welfare, 
or of the character of men best qualified to represent them in Parliament ; and 
this knowledge becomes indispensable in exact proportion as the elective franchise 
may be extended and the system of government become more under the influence 
of public opinion. 

The scholastic application of these volumes has not been overlooked, and a 

__ 5 «H 
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8 NEW SERIES OF EDUCATIONAL WORKS. 

comparison of the text with the examinations for degrees, given at the end of the 

second volume of the History, yriW show their applicability to the course of 
historic study pursued in the Universities of Cambridge and London. 

1. Outlines of the History of England, with special reference to the 
origin and progress of the English Constitution, by Wm. Douglas 
Hamilton, of University College, with illustrations . . . . 1«. 

2. — 1 Continuation, bringing the His- 
tory down to a recent period Is. 

*«* This history is designed to comxniinieate, in an accessible fbnn, a knowledge of the 
most essential portions of the great works on the English Constitution, and to form a 
text-book for the use of Colleges and the higher classes in Schools. 

3. View of the History of Greece, in connection with the rise of the arts 
and civilization in Europe, by W. D. Hamilton, of University College . U, 

" To Greece we owe the Arts and Sciences, but to Rome our knowledge of them.*' 

4. History of Rome, considered in relation to its social and political 
changes, and their influence on the civilization of Modem Europe, 
designed for the use of Colleges and Schools, by the same . . la, 

5. A Chronology of Civil and Ecclesiastical History, Literature, Science, and 
Art, from the earliest time to 1850, by Edward Law, vol. i. . . 1«. 

6. ■ vol. ii, . . 1*. 

7. Grammar of the English Language, for use in Schools and for Private 
Instruction 1«. 

8. Dictionary of the English Language, comprehensive and concise . . 1«. 

9. Grammar of the Greek Language, by H. C. Hamilton . . . . 1«. 

10. Dictionary of the Greek and English Languages, vol. i. by H. R. Hamilton la, 

11. — , vol. ii. by the same . la. 

12. i-^-^^— — English and Greek Languages, vol. iii. by the same . la. 

13. Grammar of the Latin Language, by H. C. Hamilton . . . , la, 

14. Dictionary of the Latin and English Languages, vol. i. by H. R. Hamilton la. 

15. — , vol. ii. by the same . la. 

16. English and Latin Languages, voL iii. by the same . 1*. 

17. Grammar of the French Language la, 

18. Dictionary of the French and English Languages, vol. i. by D. Yarley . la, 
19. English and French Languages, vol. ii. by the same . la, 

20. Grammar of the Italian Language, by Alfred Elwes, Professor of Languages la. 

21. Dictionary of the Italian, English, and French Languages, v. i. by the same la, 

22. English, Italian, and French Languages, v. ii. by the same la, 

23. French, Italian, and English Languages, v. iii.by the same la. 

24. Grammar of the Spanish Language, by the same la, 

25. Dictionary of the Spanish and English Languages, vol. i. by the same . la. 
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THE PRACTICE 
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EMBANKING LANDS FROM THE SEA, 



INTAODVCTORY. 

SwiFT^s observation has been often quoted as a truth, 
viz. that ^^the man who makes two blades of grass, or 
two ears of com, grow where but one grew before, 
desiBTves well of his country/* Surely, then, he who 
adds to its territorial extent by i^escuing lands from the 
dominion of the ocean deserves still more, — for the one 
but increases produce, the other may be said to create 
land. Therefore, great and meritorious as are the efforts 
of many individuals, as yreVL as societies, towards the 
improvement of agricultural practices, and the conse- 
quent increase of agrictiltural produce, still more so are 
those of enterprising persons who employ their skill 
and their capital in excluding the tide from the fringes 
of our shores, and in embanking and cultivating those 
alluvial deposits which Nature seems to have endued 
with superior fertility,' in order to invite the industry 
and enterprise of man, and to excite him to avail him- 
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2 INTBODUCTOBT. 

self of this mode of augmenting the supply of provisions^ 
commensurately with the increase of population. 

These enterprises^ however, are not unattended with 
hazard, nor unaccompanied with difficulties and dan- 
gers. They are expensive^ and therefore failure is 
disastrous; but when conducted with prudence, and 
attended with success, they may be eminently bene*^ 
ficial to the community and to the adventurers. Any 
hints^ therefore, tending to prevent failure and to pro- 
mote success must be valuable ; and if apology is due 
for offering such hints, it maybe found in the fact, that 
from my ][)rofession as a Land Agent, having been for 
many years connected mudi with sea«-walling, both in 
building and repairing, I have been induced to venture 
some observations on the. subject^ in the hope of their 
being useful to those who are willing to speculate ii^ such 
tmdertakitigs ;— to country gentlemen whose estates are 
already protected by sea-banks, or who may be desirous 
df enlarging and improving their property in this way, 
— ^nd even to Engineers, who may be required to advise 
on the best means of effecting the intended object. 

No one who is cognizant of the vast engineering 
works effected in the present day, can be insensible to 
the great scientific attainments and the practical powers 
of the present r&ce of Engineeni. Sea-bankings or sea- 
walling, has hitherto formed but a small portion of the 
practice of Engineers, and that chiefly as connected witii 
piers, dock^^ harbours^ and othet marine works^ in 
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which cases embanking is performed on a totally difier- 
ent scale and principle to that of gaining land from the 
sea^ which has till recently been treated as a branch of 
rural economy^ and has been chiefly practised by non* 
scientific^ but ingenious persons^ as merely an appli- 
cation of labour which involved no peculiar difficulties. 
Nor indeed did these difficulties exceed the skill of 
those whose business it has always been to watch^ pro- 
tect^ and repair sea-walls^ so long as embankments were 
confined to the grassy verges of the shore^ over which 
the spring tides but occasionally flowed; but where 
greater things are attempted^ greater skill and deeper 
consideration are required* 

To such cases the hints here given are applied as 
the result of much experience and observation^ and ten- 
dered in the nature of evidence, or of that kind of prac- 
tical information which Engineers themselves, in all 
their undertakings, are usually wise enough to seek 
firom practical persons. 

This subject divides itself into so many branches, 
each having such minute ramifications, yet each in its 
place important to the whole, that the most condensed 
remarks on them separately has swelled this discourse 
into a volume, in which there is less hope of eliciting 
any thing very new relative to it, than of collecting 
together a great number of important and interesting 
&cts and observations, — of classifying them in such a 
manner as to render them most useful and avtdlable 
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and of affording a comprehenisiye view of the whole 
subject. 

The shores of the British Isles present many bays 
and.inlets, wherein alluvial accumulations of earthy, 
animal, and vegetable matter have taken place to great 
extent. The earthy matter of these deposits has gene- 
rally for its basis the geological material predominant in 
the structure of the country; thus, for instance, the 
debris of the London clay forms the stiff tenacious soil 
of the Essex and Suffolk marshes, called marsh clay; — 
whilst the silty sea-sands of Lincolnshire are but a con- 
tinuation of those vast tracts of rich lowland over which 
the sea once flowed, and was first excluded by the 
Romans, since whose time large portions of land have 
been gained by successive parallel embankments. 

On these and other coasts, very great breadths occur 
of salts, saltings, ooze, mnd-banks, slob, sand-banks, or 
sandy dunes, as they are variously called in different 
localities. AH of them derive their earthy matter from 
the debris of the land washed down to the sea by the 
rains, and after amalgamation with diluvial detritus and 
marine exuviee, again washed up, and deposited by the 
tide. When these deposits become stationary and 
stable, a high condition of fertility results, the tide 
being excluded, and the soil sufficiently divested of 
excess of salt to bear land plants. Of these deposits 
some are only covered with the tide during violent out- 
bursts of the sea; others only at equinoctial spring 
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tides ; others at ordinary spring tides ; and others again 
at every tide. 

These deposits are valuable for the purpose of em- 
bankment^ principally in the ratio of the more or less 
happy admixture of those argillaceous^ silicious^ cal- 
careous^ animal^ and vegetable matters^ and of the 
greater or less prevalence of the tidal waters over their 
surface. There are other points constituting value, but 
these, viz. soil and height above tide, are the principal ; 
the others will be noticed in the course of our inves- 
tigation. Whilst sea-banking is limited to the pastu- 
rable verges of an argillaceous shore, only occasionally 
or at outbursts covered by the tide, little more skill is 
called into action, than that which consists in raising a 
suflScient bank or wall of the ponderous material, in the 
most economical manner. But the enterprise of capi- 
talists has extended the desire of embanking lands 
from the sea to far more difficult subjects than those 
verdant fringes; and extensive intakes are now at- 
tempted, where the sands or slobs are covered by every 
tide, and where only the silicious sands of the shore are 
available as the chief material for the construction of 
the bank. In such cases much care and caution, as 
well as a considerable degree of enterprise to attempt 
and skill to perform, are requisite; and many consider- 
ations become extremely important towards the success 
of the undertaking; as for instance — the weight of the 
bank — the width of the base or seat — the form — the 
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height— the thickness and the facing, all these features 
being also much governed by the materials of the bank 
-—the materials of the shore on which it is placed, and 
its exposure to the sea and the prevailing winds. The 
importance of these points again will be regulated by 
the manner in which those materials have to be put 
together — besides the direction of the line of bank; on 
each of which points a few words are herein employed 
in elucidating the main objects to be attended to, 
and on the precautions to be taken in building sea- 
banks, the expense thereof, and on the respective merits 
of different subjects for embanking ; and the best means 
of reclaiming the ground embanked; also some re- 
marks on the advantages to be derived from embank- 
ments, and some hints drawn from experience, on the 
support and repair of old sea-banks. 

With reference to these plans and intentions, our 
discourse is divided into the following general heads: 

I. The embankment. 

II. The eligibility of a shore for embankment. 

III. The drainage of the land, 
iv. Its reclamation. 

V. The expense of these processes. 

VI. Their advantages. 

VII. The obstacles to embanking. 

VIII. The parties to an embankment. 

IX. Instances of embankments. 

X. The repair of old sea-walls. 



L THE EMBANKMENT, 

or that mound of earth by which the sea is to be 
excluded from the land, and Neptune deprived of a 
portion of his domains, is the principal feature of our 
discourse, and we shall consider it under the heads of 

Ist, Its weight; 

2nd, Its materials ; 

Srd, Its form and features ; 

4th, The process of embanking ; 

Sth, The proper line of embankment; 

6th, The proper situation of a sea-bank. 
Ist. The weight of the bank is a matter of the great- 
est importance; firsts to counterbalance the weight of 
the sea against it, that weight being augmented by the 
winds ; and secondly, to consolidate and keep down the 
sand, and to prevent the waters contained in the sands 
outside from communicating under the bank with the 
sands on the inside thereof. 

This condition of weight is so important, that in some 
cases of light material, such as peat or some kinds of 
sand, the safety of the bank entirely depends on it; 
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and^ in general^ a bank must be rendered weighty in 
proportion to the lightness^ looseness^ or want of ad- 
hesion of the materials of which it is composed^ either 
by its bulk; or by means of more weighty materials^ 
such as stone laid upon the lighter materials. 

(a.) The force of sea water pressing against a bank 
will be in the compound ratio of its depth and its ve- 
locity. Every attempt to reduce these to calculation 
will be in some degree nugatory^ because either may at 
times greatly exceed the other; but they often act in 
combination. The bank therefore must be superior to 
their greatest united force. 

The weight of sea water is 64 J lbs. per cubic foot. 
The weight of earth, u c. gravel, sand, and clay mixed, 
is stated by some Engineers to be 1^ ton per cubic yard, 
by others sandy material is considered to weigh from 
l-iij^ to IJ ton per cubic yard. If the weight should be 
li ton, it will be 125 lbs. per cubic foot. But the 
weights of the common admixture of materials. which 
arc! usually employed to form a sea-bank are as follow : 
' — siahd 95fbs., clay l65fbs., coriimbn earth 124 fts., 
flint 160 tbs., chalk 112 lbs. per cubic foot, and the 
average of all theise materials is 131 lbs.; but as sand 
and water will enter into the composition, we have cal- 
culated on but 125 lbs. per cubic foot. We may there- 
fore safely take the weight of the materials usually, and 
almost of necessity, employed in building a sea-bank, 
to be nearly equal to double the actual weight of the 
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quiescent water they have to sastain^ because the re- 
sisting power of the dead weight of earthy and stony 
matter is greatly augmented^ not only by its cohesion, 
but also by the weight of water which rests on its 
surface, so that in some degree the weight of water 
against, or rather upon, the face of a bank, being a 
gradually inclined plane to seaward, tends to its sup- 
port. 

Supposing the weight and pressure of water to be «y 
exerted perpendicularly, then the face of the sea-bank 
a 6 in the diagram below would only have to sustain 
the pressure of the water contained in the space a be; 
but these forces are exerted at an angle of 45^ with the 
horizon, or, in this case, with the horizontal line ad, so 
that the plane ab has to sustain the weight of water 
contained in the space aeb, which in its sectional area 
is one-fifth greater than a be. 



Now if this diagram be allowed to represent hj abg 
a bank whose height is 10 feet, and base 5 to 1 or 
50 feet, its sectional area will be equal to aeb, whilst 
its weight will be about double that of the quiescent 
water bearing against it. 

(b.) The weight of quiescent water is, however, but 
a portion of the stress a sea-bank has to sustain. The 
pressure of wind upon the surface of the sea, and the 
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almost to solidity^ the constant soakage ofthe tide 
into the sand on the sea side of the bank will extend 
under it to the sands on the land side^ and the bank 
will blow up. Some soakage through and below the 
bank will always take place^ and when the ground 
is adhesive^ this can be intercepted by a delph^ i.e. 
a drain . (which may also be a fence) dug parallel to^ 
and on the land side of the bank ; but in loose .'sands 
such a drain is dangerous^ as the sand will run in and 
bring down the bank. ' Nothing therefore but weight 
can be depended on. .Where stone is plentiful this 
feature may be given by that material in the best 
manner possible. " If .otherwise^ the next most pon- 
derous material must be used^ viz. clay. If that is 
luukttainable by reason of expense^' aiid the sand of 
the shore to be embanked must be emjployed, then 
its quantity must make up for its want of cohesion 
aiid weighty and the bank must be large and high, like 
those Roman banks in the Isle of Ely and in Lijdcohir 
shire, which were raised of the silty sand of that coaat^ 
now inland and app'ar^citly preposterously large and 
high^ but in reality most judiciously constructed with 
referenjse to their material. 

{d.) In the case of any bank having to sustain sharp 
currents, it must however be endowed with an entire 
weight proportionate to this extra stress upon its 
strength. Such currents sometimes set in with great 
force when the flood tide enters im estuary at a wide 
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opening which suddenly contracts^ and for such aug- 
mentations of weight, large allowances must be made 
in practice, since it is scarcely possible to reduce them 
to theoretic calculation. 

2nd. The materials of which the bank is to be con- 
structed govern in a great measure the other requisites 
to be attended to in its formation. These materials 
are generally either sandy or clayey^ with or without 
the assistance of stone. 

(a.) Sandy material is the most difficult to manage^ 
and the least to be depended on. If it be used in 
raising the bank^ great part is taken away by almost 
every tide, of what has been previously collected 
between tide and tide, and sometimes much more is 
taken by a tide than was collected between that and 
the preceding tide. This material melts away like 
sugar in water, and must be collected again and 
again to perform the work, which after all is always 
liable to escape particle by particle ; — when dry, running 
as in an hour-glass through every aperture, or blowing 
away with every wind; or sinking to a level, when 
wet. Thus the working with this material is attended 
with infinite mortification, and at least twofold the 
cost of any other material upon the spot. Many expe- 
dients are in use to prevent its escape; as covering 
the bank of it every tide with sods, which are removed 
when, the work recommences on the recession of the 
tide : indeed in the case of those loose running sands 
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which we are now contemplating, it is abaolntely 
necessary to fix them with from half a yard to a yard 
thickness of day outside, according to the exposure. 
Such sands are also raised and accumulated by placing 
rows of bushes at nearly right angles with the tidal 
flow, and the water flowing oyer those kinds of sands, 
being turbid, is stilled by the projecting tops of the 
bushes, and so deposits its warp, and raises or levels 
the sandy surface. In the case howeyer of such loose 
sands, no doubt the most effectual, safe, and perma- 
nent — consequently the least expensive mode ulti- 
mately — would be to avoid using a single shovel^full 
of such sand, but to bring all the materials for the 
bank from the nearest d^p6t of good material, and 
lay it upon the sandy surface. It is true that carts 
and horses being used to raise the bank with such 
sands, the pressure of these has a great effect in con- 
solidating this loose^material, but still it is treacherous, 
and much of it escapes at every tide, and if thus raised 
at sixpence per cubic yard, it woxdd be better policy, 
all things considered botii present and future, to incur 
a charge of one shilling per cubic yard for better mate- 
rial. It may indeed even be fairly doubted whether 
such a soil be a fit subject of embankment, eitiier 
with a view to security or to cultivation, and it would 
be prudent to conclude that such bare and unfixed 
Tunnmg sands ought in prudence to be avoided until 
they have become stable enough to produce mfrtfihit^ 
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at least, if not swarded with maritime grasses and 
other salt«water plants. 

There is however another kind of sea-sand, locally 
named *^silt/^ which seems when wet to be somewhat 
mnddy and argillaceous, and which in that state not 
only retains its position when laid np in bank, but 
seems ponderous and sound. But even this kind of 
sand dries into a running sand, though not much 
liable to blow, and less prone to escape than that 
just mentioned. Such sands are best collected by 
means of planks and barrows, or by horses and 
carts, and perhaps the cheapest and best way of 
embanking with them, in cases where stone is too 
expensive, is that of raising a bank of great bulk, 
turfing or gravelling the sea face, and mending every 
little ^^peck^' or injury as it occurs, until the bank 
has become so firm as to bear the tide. It would 
however be extremely prudent either to cover the 
whole of such a bank with turf or with some feet 
in thickness of clay, or at least a foot thick of 
such gravelly or stony earth as would soon admit of 
vigorous vegetation over the whole surface, and to 
prevent cattle from treading on it for some time. The 
three sets of banks in South Holland, Lincolnshire, 
already mentioned, and which the excellent Sir Joseph 
Banks and other antiquaries attributed to the Romans, 
are of this kind, being huge amorphous masses, evi- 
dently depending only on their bulk for their security. 
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These banks have now some miles in breadth of land 
on their sea side, though doubtless more or less exposed 
to the wayes when built, the date of which is unknown. 
But the policy of making sea-banks across very foewe 
sea«sands is at lieast questionable, even in cases where 
the level of those sands admits of a good drainage to sea- 
ward, since to bring all the materials from a distant spot 
may be very expensive, and to throw up the sand itself 
is dangerous, where they are covered at every tide, and 
the water dwells long enough to saturate them fully, and 
that continually, so that in course of time a communi- 
cation takes place between the water-soaken sand out- 
side or seaside, and that inside or landside of the bank, 
the silicious particles become separated by the aqueous 
particles, and when the latter become predominant the 
bank blows up. This has been experienced even in 
cases where all the materials were brought from a dis- 
tance, and the sand untouched, and therefore sea-banks 
can only be made with absolute security with this ma- 
terial, in cases where the sandy soil is above ordinary 
tides and covered with vegetation : even then, the bank 
must be very well packed and covered with mud, so 
that the water cannot penetrate between its clods when 
it has shrunk in drying, and it must also be guarded on 
the sea-side with stone if liable to any great swash of 
the wave. Another fault of sand-banks is their liability 
to sink, from the finer particles of sand being drawn out 
by the suction of the retiring wave i and if the smallest 
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particle of sand escapes, then it will be followed by an- 
other and another, the mischief silently going on till it 
becomes apparent in visible depression of the front and 
top of the bank, which perhaps may at first be taken for 
a skrinking or settlement of the materials in that place 
more than another, or to the consolidation of the sands 
beneath, and the parties may proceed to make up the 
deficiency, under the idea that their bank is stronger 
than before, till new instances attract notice, and the 
real cause becomes known. It has been found in such 
cases, that a broad footing of gravel increases the seat 
of the bank and checks the percolation of water under- 
neath it, especially when that footing is made a com- 
mon road for traffic. If sea-banks are built over, and 
with sands, it becomes also a very essential point to 
make use of a great quantity of ponderous stone, not 
only to break the waves and to prevent their tearing 
away the face of the bank, but also to weight the sand 
and compress it, so as to bring it to as near an approxi- 
mation to a solid state as circumstances will admit, and 
thus lessen the chances of the water insinuating itself 
amongst the sand forming the foundation of the bank. 
After all, no art or expense whatever can always 
insure a sea-bank on a sandy shore, and in an open 
exposed situation, from considerable damage. This has 
been abundantly proved, particularly near Abergele and 
Rhyll on the Flintshire coast, where only slight signs 
of such a bank are now seen^ after an almost unbounded 
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expenditure of money and skill : on another bank upon 
the same coast £ 7000 was sunk ; and though less ex^ 
posed, scarcely a vestige of it remains. Such, therefor^ 
should only be risked in sheltered spots, and where the 
rage of the ocean is mitigated by projecting rocks or 
spits of land, protecting the bank from the inclement 
points, or the shore is observed to be increasing. But 
if banks of sand are attempted they should be of ample 
height and dimensions, and the front or facing guarded 
with clay, turf, sodding, and stones, besides constant 
watching and repairing every little breach. 

(A.) Clay is a much better material than the best 
kind of sand, and the bulk of a bank built with it need 
not be so great as that of banks built with sand, and its 
slope also may be less, particularly if stone*faced. 

But whether the material be sand or clay, the most 
special care must be taken in putting it together. Some 
banks have failed in consequence of the sods even of 
clay being loosely thrown together by means of planks 
and barrows, and mixed with loose earth: the water thus 
being enabled to percolate the earth, surrounded the 
sods, and rendered them almost buojrant, so that the 
whole mass separated and dispersed ; whereas the loose 
earth ought to have been either collected under the 
pressure of carts and horses, or rammed dofwn hard with 
iron-shod rammers, and the sods placed carefully outside 
to defend the most exposed part. 

Even stiff clay requires to be very carefully packed. 
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This material^ which is principally in use in Essex for 
sea-walling, as embanking is there called, is taken from 
the saltings or oozy forelands outside the walls, and is 
therefore in a wet state and very ponderous. It is dug 
in spits, and packed into a sea-wall by a process called 
^^ flood flanking y' the barrow-men delivering the spits 
to the packers, who take each spit on a pitchfork, and 
striking it hard into its place, it adheres closely; but as 
these spits contract in drying, the crevices outside are 
therefore filled with mud, which is called ^^ siudging.*^ 
Yet, when the packing has not been carefully performed, 
or the bulk of the sea-wall has not afforded sufficient 
weight to close the clods on each other, in drying, open 
spaces still continue, into which the water penetrates on 
the sea side, and mice, rats, &c. on the land side ; so 
that if not carefully watched and timely mended, the 
water is let in to the interior, and a breach ensues. In 
the case, however, of a bank of clay, or adhesive and 
weighty earth, the great object is to have the bank high 
eruoughy its weight and tenacity being generally sufficient 
to withstand the direct force of the sea, though such a 
bank (as well as one of sand) breaches by diminution 
from the rear to the front, when the tide overflows it 
in any great body : t. e. the tide first overtopping the 
wall washes away the earth at the back, and so cuts 
through to the front. 

(c.) Peat or bog is also a good material for a sea- 
bank^ not only by reason of its staunching but also its 
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adhesive qualities when packed in a moist ^tate^ so as 
to form a tolerably homogeneous mass. Its defects are 
lightness (requiring to be heavily weighted with stone), J 
and aptitude to split in drying, forming crevices. These 
crevices let in the water, which trickles down in rills, 
and causes alarm for the safety of the bank ; it there- 
fore becomes necessary to open the face of the bank 
occasionally and to stop the crevices. Peat is supposed 
to be liable to decay, and run into a black mould ; but 
for this it requires atmospheric influence and changes^ 
and in fact a peat sea-bank, which was opened after 
being built for 17 years, exhibited the material as fibrous 
and undecayed as when first deposited. It had been 
covered and compressed with from 1 to 3 feet of stone 
and gravel. This peat-bank was built across a sandy 
estuary, where it was deemed too hazardous to make 
tuse of any portion of the sand in the construction of 
the bank, the points aimed at being its fixation and 
compressure. 

{d,) Some banks have been built almost entirely of 
stone, but these have failed for want of staunching, as 
did that great undertaking at Tre Madoc in Caernarvon- 
shire. But stone, though almost indispensable to 
weight, and to guard the bank, is not a fit material for 
the body and bulk of it, since, however well cemented, 
it can never be laid so as to remain water-tight, and is, 
moreover, too expensive for this use. 

(e.) Amongst the materials in use for sea-banks^ 
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gravel may be mentioned as one of the most important^ 
and^ at the same time^ often the most easily procured. 

The uses of gravel are manifold. At the outer edge 
of the bank gravel is the very best material wherewith 
to form the lower portion of the slope or facing, where 
it forms a natural sea-beach almost impervious to the 
water, and also a roadway, the traffic on which consoli- 
dates the sand below. In this latter use it may also be 
applied with advantage to the inner edge or foot of the 
bank. This material also, being spread over the stone 
feeing of the bank, insinuates itself into the interstices 
between them, and keeps them better than the best 
masonry. But the use of gravel should be almost con- 
fined to the outside of the bank (the internal material 
requiring to be of the most cohesive kind that can be 
obtained); a coating of gravel of several inches in 
thickness being spread previous to the stone facing 
being applied. 

Gravel also might be advantageously used as a substi- 
tute for stone, in the facing of that portion of the bank 
which is above the main bank, as shown in the diagram 
on p. 26* Gravel might, indeed, in many cases, be 
substituted for stone or any other facing of the whole 
bank; and to qualify it for this valuable application, 
it is only requisite to give the bank sufficient slope, so 
as to resemble a natural sea-beach ; and if the original 
shore is muddy, a coating of 6 inches of gravel, over 18 
inches of mud> would probably form a facing not to be 
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Burpassed. This^ however^ must depend on the nature 
otOie subject. 

(/.) The material on the spot is sometimes rejected^ 
when it might be used to a great extent, and with 
good effect, — its rejection arising perhaps from its 
want of solidity and cohesion taken taet, although wheB 
dry possessing both these qualities in a considerable 
degree, and eminently qualifying it either for banking 
or fronting, and, in fact, for every position which 
secured it against becoming again thoroughly wetted 
when once dried. Thence may be inferred the im- 
portance of ascertaining fully the merits of any mate- 
rial on the spot before rejecting it, although in sUu it 
may not seem capable of answering the purpose. Thus, 
a material unsuitable to work tram-roads upon, may yet 
answer for barrows and planks, and may consolidate 
when used above the tide, or when not exposed to it 
Such a material may also be extremely soft and even 
flowing when wet, but very hard and staunchinff when 
dry; all of which, with every other property of such 
material, should be observed and noted accordingly. 
Even soft wet mud, costing 3^. per cubic yard to throw 
up, may be fixed and consolidated into cement by the 
addition of one-third gravel brought to mix with it, 
costing Is. per cubic yard, making the whole to average 
6rf. per cubic yard,— viz. 2 yards Sd. « 6rf. — 1 yard Is.; 
total Is. 6d. for 3 yards. A wall oipis4 or rammed 
gravel in a frame might very judiciously be adopted for 
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2 or 3 feet of the centre of the bank (see ^Thickness of 
Bank'). On the other hand, some soils are extremely 
firm and even difficult to pick up in their present site^ 
but when raised and exposed to atmospheric influence 
resume the state in which they were first geologically 
deposited : examples of this kind were firequent upon 
the construction of the Eastern Counties Railway 
about Chelmsford^ where the diluvial days upon expo-^ 
sure again became mud. 

On the whole, it must be concluded, that of tiie 
materials for a sea-^bank, tenacious clay is the best, and 
loose sand the very worst. All the intermediate modi- 
fications of soils will have their respective merits or 
demerits, but they will be eligible in proportion to 
their ponderosity — their cohesiveiiess — and their 
power of resisting the action of water, either in pene- 
trating or dissolving them : and these soik will be in- 
eligible in proportion to their lightness, their loose- 
ness, and their aptitude to run and to blow away when 
dry^ or to melt away when wet. 

A mixture of materials, bad and good together, when 

in a wet state, would probably reduce the whole mass 

« 

to an digible condition; and although the expense 
might be thought too great at first, it might be found 
economy in the end, and the mixture might be efiected 
by the tread of horses, without much labour previously 
to the material being laid up oil the bank. 
In cases also where the material is not very trust- 
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worthy, an artificial dyke of concrete or of common 
puddling might be carried up in the centre of the bank, 
of such width, and commencing at such depth below 
the shore level, as the case might require* 

These, and every other impirovement of the quality 
of the materials, would be attended with a great saving 
of dimensions, as already instanced in the comparison 
between sand and clay banks. 

3rd. The form and features of the sea-bank are mat* 
ters of the greatest moment, although its form appears 
to have been, until lately, but little regarded; the usual 
form given to them, from the Roman banks iii Lincoln- 
shire to those of the Essex marshes, being most 
generally a mere steep mound of earth, which in the 
latter cases has been defended by rows of piles, the 
spaces between those rows, called ^^tooim^^ being filled 
with chalk or stone, stowed closely in, and in some 
cases fourteen of these rows have been placed tier above 
tier. But of late years it has been found that another 
form, more consonant to nature, is better adapted to 
these sea-defeiices, and that instead of a steep face, 

embankments should have a slope in front, resem- 

* 

bling a natural sea-beach, and be of sufficient thickness 
and substance to widistand the assaults of the ocean, 
whilst they ought to have slope enough in the rear 
to admit of a luxuriant vegetation ; and to effect these 
objects we propose the threefold bank, of which 
the diagram on page 26 is a section, consisting of — 
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1st. The main bank, built to the full height of ordinary 
spring tidesj which is taken by way of example at 10 
feet. It is 20 feet wide at top, and with a slope to 
sea side, partly of 5 feet base, and partly of 4 feet base, 
to 1 perpendicular, as the minimum slopes. 

2nd. The outburst bank, 5 feet high and 8 feet wide 
at top, and with a slope of but 1^ to 1, because this 
part of the bank will have to sustain but a transient 
stress from the top of the tide, and this only occasion- 
ally. On this is set 

3rd. The swash bank, which, having only to sustain 
the broken tops of the waves, is but 2^ feet high and 
2^ feet wide at top, though its base is 8 feet, and should 
be made amply sufficient to prevent any part of the 
highest seas going over the bank. 

The construction of this diagram is as follows :— 

Having drawn the base line ab, construct the cubes 
d and cm; draw ac\ 5 base to 1 perpendicular. Set off 
6 feet from the top of the cube d towards the base line^ 
for the high-tide wave. Draw the line ds, intersecting 
ac^ at s» Draw as and sm and hb, and this completes 
the maifi bank, with the double cubes of its height 
backed by a half-cube, besides the front with a base of 
4 to 1, the gravel footing bringing it 5 to 1. For the 
other proportions construct the cubes e and /, and 
draw mc^% also ff and ffh, giving ample weight, sub« 
stance, and slope to the bank for ordinary cases. 

The rationale of this construction will appear as we 

B 
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go on^ but its outlines are these. The cubes d and cm, 
with the half-cube b h, are considered to be very ample 
for the body of the main banky which is 20 feet wide at 
top. The slope of 5 to 1 is lessened at m^ to 4 to 1^ 
in order to afford a greater base for the upper bank^ 
and because the space from m to « is stone-faced, that 
space being 6 feet perpendicular from the top of the 
main bank, which is considered to be the usual height 
of great waves near the shore. The gravelled footing 
is on the slope of 5 to 1, and is not stone-faced, because 
the ste has not acquired much force at that height of 
tide. This completes the main bank. The outburst 
and swash banks are drawn with a narrow apex in order 
to give as much slope as possible to the line m c", but 
where the soil is tenacious, this line may retire still 
more, and the line g b may be steeper. 

The essential features of the bank recommended and 
described in section a are the following : — 

ah is the seat of the bank^ or base on which it stands. 

a c" is the slope. 

c d d^ is the height. 

def is the thickness. 

f is the facing. 

g is the top. 

h is the back. 

% is the delph. 

h is the foreland. 

/ is a gravelled footing on both sides. 
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On each of which features some observations of im- 
portance may be made* 

{a) The general form of a bank is required to be 
such as to receive the wave easily, ue. without any 
great concussion, or with the least degree of con- 
cussion ; such as may enable the top of the wave at 
its highest range to run along the top of the bank^ 
without meeting with any great resistance or sudden 
check, and such that if the wave should even top the 
bank, and the swash go over the back of the bank, it 
may not cut away the soil to any dangerous extent. 

The form given on p. 26, in section a, is thought 
to be such as fulfils all these conditions; and the 
hollow in front is considered to be such as to reduce 
the force of the wave when it arrives there, which can 
only happen at great outbursts of the sea, or when the 
wave is raised by the wind far above its ordinary height, 
because the hollow only commences at a point just 
below the height of equinoctial spring tides, t. e. the 
utmost height of the body of the tide, the wave above 
that being but transient, and making only a temporary, 
though it may be a powerful, impression on the upper 
part of the bank. 

(a&.) The width of the seat or base of the bank 
should be regulated by the amount of adhesiveness in 
the material upon which it is placed, and of which it is 
built, because it is necessary (as already mentioned) 
to guard against any escape of those materials from the 
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drawing oat or suction of the sand, by the reflux of the 
wave, or by the soakage of water under the bank. 

The width therefore of the seat or base must be such 
as to throw the sea as far distant as possible from the 
sandy material, which being prone to run away in 
minute particles when dry, and to melt like soft sugar 
when wet, and being equally prone in both states to 
escape particle by particle, through the smallest aper* 
ture, and with a very small declivity, must be kept as 
much as possible in an undisturbed state. This how- 
ever is by no means easy, since the waves will be sure 
to find apertures too minute to be readily discernible, 
wherein the sands will steal away both in the dry and 
wet state. Small animals also will burrow in the sand 
from both sides of the bank, and the apertures thus 
formed will enlarge by degrees, and may become 
dangerous before they are observed. Such insidious 
apertures are very apt to take place amongst and below 
the stone facing of banks, and should therefore be care- 
fully guarded against. But after all they will inevitably 
happen, and the only sure safeguard is such a wide 
base or seat as may give the bank substance enough to 
admit of rather more than slight apertures and channels 
without endangering its safety. This substance cannot 
be given without width of seat, which is therefore an 
important feature of a sea-bank. 

The proper width for the base or seat of a sea-bank 
will, however, depend much on its other dimensions ; 
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but independently of ihese^ it will be necessary to epn-* 
sider the state of the soil on which the line of bank is 
proposed, and to ascertain whether it be a sound clay 
or a loose sand ; whether of uniform and firm texture^ 
or interspersed with soft watery spots ; whether likely 
to sustain the weight of a bank, or to yield to its pres- 
sure, and spread on each side; whether such as to 
remain impervious to water, or to admit its percolation^ 
however slowly, from seaward to landward ;-^in shorty 
whether the foundation on which the proposed bank is 
to rest be firm or otherwise, i. e* compact or porous ; 
for according as it viay be one or the other, so must be 
the width of the seat or base of the bank, whatever its 
weight, height, or thickness. 

This width of seat may be increased, in fact, without 
adding to the bulk of th^ bank, by means of a gravelled 
footing or beach in front, and if this gravelled footing 
is also used as a road, either during the building of 
the bank, or afterwards, or both, it will add much to 
the consolidation of the materials, and to the pre- 
vention of percolation. If, again, another such road 
was used on the inside of the bank, it would also 
be productive of the same benefit as a wider seat to 
the bank or sea*wall. 

{ac'\) The slope of the bank to the seaward is 
one of its principal features of strength and safety. 
A steep bank enables the wave to strike it with great 
foree, and ultimately to batter it down, or greatly to 
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reduce its fiubstanoe^ by means of tibose violent or 
continuous assaults which the power of the ocean often 
exercises. In all such cases^ the safest plan is to 
follow nature as far as possible, 

The slope of the bank^ therefore^ should be as simi** 
lar to a natural beach as all the other considerations 
will admit. This^ however^ will depend on the nature 
of the material :-r-ihus, we may assume for arguments 
that a loose sandy beach will probably slope itself 
10 base to 1 perpendicular; and a living rock wiU 
be brought by the action of the sea to nearly a per- 
pendicular^ according to its hardness. Therefore^ tb^ 
best line seems to be the medium between the two 
extreme lines taken in nature^ viz. the nearly per- 
pendicular face> and the slope of 10 base to I per- 
pendicular^ that is^ 5 to 1. This> therefore^ may be 
taken as the best slope that can be given to any sea^ 
bi^nk; that more is generally unnecessary^ and less iur 
sufficient in exposed situations ; but that thi9 slope need 
not ei^tendj in ordinary cases^^ beyond the height of the 
ordinary spring tides^ when another kind of bank may 
commenoeji which having only to sustain occasional 
and transient outbursts of the sea^ may have only 
such a slope as the material wiU admit. A slope of 
nearly 5 to 1 in front also lessens the necessity for 
thickness at top of the bank; besides the very im- 
portant consideration^ arising from the compression 
of the earthy mf^l^er of the bs^k^ by the weight of 
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water upon its face^ the degree of such compression, 
and consequent increase of strength oif the bank, beijig 
in direct proportion to the degree of slope. 

This slope also admits of the easy flow of the sea up 
and along the inclined plane of the face of the bank ; 
since if stone-faced where the chief stress lies, the 
waves run harmlessly along the whole face or slope 
without striking the bank as they would if it were 
steeper. The stone facing is necessary, for without 
this a greater substance of bank will be requisite, 
though strong clay, with a stone footing only, might 
perhaps be trusted with a slope of 5 to 1, in consider- 
ation of its adhesiveness when well covered with 
suitable vegetation. 

But it is expedient also to consider the bank and its 
slope in three portions, viz.— that from the base to the 
line of spring tides, which we shall call the main bank; 
that next above, which is to guard against extra- 
ordinary outbursts; and that which is only to sustain 
the swash or spray of the waves ; and to construct the 
bank as shown in the preceding diagram a, in which 
the slope ac' is 5 to 1 of the height, c c\ to which the 
ordinary spring tides rise. This height is here set out 
at 10 feet, and the seaward base at 50 feet, which gives 
a slope almost equal to that of a natural sea-beach on 
a shingly shore, and greater than that of a shore of 
large loose boulders. 

The whole seaward slope being thus divided in the 
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diagram a into three portions of different inclinations^ 
each dip considerably and variously from the hypo*- 
thenusal line of the whole height a c'\ and this dip in 
the surface of the firont of the bank, which in practice 
will be worked into a curve, is thought preferable to 
the straight line ac'\ because the wave impelled by 
wind will be less likely to roll over the top of the 
bank, since the hollow will expend part of its force, 
and give it a tendency upwards or back again into 
the sea, whereas the inclined plane will encourage its 
onward tendency, and enable it to continue under the 
same impulse till it roll over the bank* 

{c c\) The height of a sea-bank up to its outburst 
line and exclusive of the swash bank must depend on 
two conditions, viss. the rise of tide in the particular 
locality, and the height to which the greatest outbursts 
of the sea have ever reached. It is indeed the last* 
named point that must regulate the total height of the 
bank, though other points may govern the height of 
stone facing in land-locked cases. Some marks must 
be ascertained on the land by the testimony of old 
peoplcj up to which some outburst of the sea has at 
any time arrived : the greater number of such marks 
that can be spoken to the better, and the more they 
agree in horizontal level upon the land the better, but 
the hi^QSjb must be taken, even if it should not be 
very well authentiented. It is sufficient if there be « 
possibility of the sea having ever flowed so high ; and 

B 5 
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when it is eonaidered how much the wind forces up 
the water on the side against which it presses, its flow 
on that side will occasionally reach heights almost 
incredible; but whatever that height may be> it must 
regulate that of the bank, which must be not less than 

2 feet above the height of such outbursts in land- 
locked and sheltered situations, and not less than 

3 feet above it in exposed situations, and such as have 
a long sea-reach in front, so as to occasion a heavy 
swell on the bank. No escape from these conditions 
as to the height of the bank can prudently be attempted. 
It is in vain to conclude, that as the sea has only been 
known to reach such a height once or twice in the 
memory of man, it may never reach that height again, 
or at least that the chances are against its reaching 
that height again, before the embanking parties have 
effected their purpose. Such a conclusion will be an 
infringement of bond -fide dealing as regards others, 
and a self-delusion as regards the adventurers. The 
rules laid down for the height of the bank are impera* 
tive, and cannot be neglected with impunity; nay, 
it will be ultimate economy rather to exceed than to 
fall short of them. 

It is therefore of the utmost importance to deter- 
mine accurately the three points of height before men- 
tioned, viz. that of the ordinary springs, that of equi- 
noctial springs, and of extraordinary outbursts, and to 
provide tr^^A^, strength, and height of bank aeeord*- 
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ingly^ not forgetting the stvash of the wave at the top 
of the highest tide. 

In the diagram (page 26), the height of the bank 
pp to the point of the highest ordinary springs i» 
assumed at 10 feet, which is, in fact, a considerable 
height for any sea-bank, and greater than is generally 
found to have been hitherto adopted in the intake^ of 
Essex, on which coast these banks are morie frequent 
and extensive than on any other, as 220 miles of theni 
may be measured on the Ordnance Map : of these the 
author had the management of a considerable portion 
for n^any years, exposed to boisterous seas. The 
equinoctial springs and outburst bank is assumed at 
5 feet above this 10 feet, which, being half the height 
of the main bank, will in general cases be found 8uffi<- 
cient ; but in the case of very exposed situations, and 
such as have a great weight of sea on them, or where 
prevailing winds raise the wave and drive it slanting 
pn the bank, the outburst and swash banks together 
should approach the height of the main bank, — subject, 
however, to the ascertainment of actual heights of flow 
of tide, as brfore mentioned. 

{dy €,/.) The proper thickness of the main bank is the 
double cube of its height, supported by a half-cube at 
the back, and the slope in front for that division of the 
height, viz., ordinary springs, which we term the main 
bank. The equinoctial springs and outbursts^ and the 
nooikf may diminish to one cube and a half or leas. 
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At each of these respective heights the tide exerts a 
peculiar force^ which^ though lessening as the height 
advances, requires a proportionate resistance; and a 
double cube of the height of each division, or nearly 
BO, backed by a half-cube, seems to offer that resistance 
in the most complete manner, since it affords the requi- 
site degree of weight, and also places that weight in the 
most efficient form, besides securing that degree of eco- 
nomy which is so essential an ingredient in such works. 

The double cubes d, m, and the triangular half*cubes 
at the back thereof, the cube and rectangular half-cube 
e with its triangular half-cube h, and the cube / with 
its triangular half-cube, are the several stages of thick- 
ness or bulk which we assign to a well-constructed 
bank, over and above the frontage forming the slope, 
and this for the following reasons. 

It has been previously shown that the weight of 
materials comprised in the triangle a c c\ together with 
the half-cube Ai, are more than equal, under any 
circumstances, to the resistance of the water opposed 
to it. The like holds good of the triangle a, d\ h; but 
the whole height of the bank in the diagram is Vl\ feet, 
and except in open sea, waves seldom, if ever, rise to 
more than 6 feet, or, in other words, the sea in other 
situations than open ocean is seldom, if ever, agitated 
to more than that depth from its surface. We are, 
therefore, not called upon to provide for the fall effect 
of the weight of this depth of water, but, in fact, only 
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for 6 feet of it; since^ if we supposed 6 feet in depth 
of water to exert its full force above the line d, and 
upon the face/^, it would strike with a force of 6894 Ibs.^ 
and be resisted by a- force of 24,7^0 lbs. ; the one being 
as the A sm^ and one-fifth more^ and the other as the 
solid contents of the whole 6 feet in height above cf. 
Taking also each distinct height of bank separately^ it 
is clear by inspection of the diagram^ that each division 
contains a sectional area over and above that of the 
mass of water which wiU be exerted against it; and 
that this excess amounts in the main bank to double 
the cube d^ and in the outburst bank to once and a 
half the cube e. It may^ therefore^ be safely concluded 
that this feature of thickness in the diagram gives a 
bank of weight and strength fully sufficient to with- 
stand the heaviest seas^ especially if a central nucleus 
be worked up with well-rammed earth. In some cases^ 
where the fertility or the locality render the subject of 
embankment sufficiently valuable, it might answer well 
to take up from the foundation a pise wall of gravelly 
earth well rammed into a cassoon or frame, the latter to 
be removed when filled. We have seen such pis€ walls, 
when just finished, allow of windows being cut in 
them, and the embedded flints were cut in halves 
rather than separate from the mass. 

{f.) The facinff of the bank is a matter of great 
moment, both as to its expense and the degree of 
security afforded by it. Stone facing is the usual 
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modoj but previously to the facing with stone a facing 
of clay should be spread as a foundation for the stone, 
especially if the bank is built with sand or of any 
other earth which is liable to run^ either in a wet 
or dry state* The clay facing to the sand should 
be not less than 3 feet thick, and if over this a 
coating of gravel be sprei^d, if only B inches thick, 
it will be a great saving in the end, and with such 
coating the stone must be 15 to 18 inches in thick- 
ness or depth from the surface. The manner of 
stone facing must depend on the kind and form of 
the stone which is obtainable for the purpose. If 
it be rounded or boulder stone, it must be mixed 
with angular stone to give it stability, and in that 
case promiscuous laying or placing may be better 
than regular pitching, the several- kinds and shapes 
of stone ke3nLng each other, especially if small and 
large gravel be from time to time spread over the 
face of the bank, and allowed to take its position 
either amongst the stone used for the facing, or be 
washed down to the foot of the bank, where its 
service will be equally effectual. If the stones be 
flaggy and flat, it will be necessary to pitch them 
edgeways, although the action of the sea on their ex- 
posed edges is to shake them to and fro until they 
be loosened and washed out. Still they will not have 
sufiicient bearing on each other to lie flatways, and 
would slide away into heaps, so that there is no 
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remedy but pitching, and keeping tight with small stones 
and fragments. But when the stones are angular 
and tolerably massive and ponderous, like Kentish 
rag-stone, 12 to 15 inches in thickness, or less, will 
suffice, and there is no better *way than placing them 
side by side till the surface is covered, taking care 
to entangle and hitch the angles of each stone with 
those of its neighbours; then by encouraging such 
maritime plants as the soil of the bank will produce, 
the interstices between the stones are much better 
occupied than by a continuous mass of stone, since 
the roots below interlace and keep the stones in 
place, and the vegetation at top eases off the wave 
and renders it innoxious. 

But it is only in cases of extreme exposure and 
peril that the whole face of the bank need be pro- 
tected with so expensive a material as stone. In 
many cases where it would be prudent to erect a 
sea-bank, it would be sufficient to guard as much only 
as might be subjected to the frequent assaults of the 
ocean, viz. so much as the spring tides reached, as 
shown in the diagram; above that the attacks of the 
tide would be few and far between, and though violent, 
would continue but a short time. It might therefore 
be enough for safety, to coat that portion above ordi- 
nary spring tides with clay and gravel, or clayey gravel, 
as before mentioned, and to cultivate upon it the 
plants most likely to thrive, amongst which may be 
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reckoned the common couch or twitch grass, very 
much employed in Essex for this use^ the net*work 
roots of which bind the surface effectually; so also 
does the sand rush {arundo arenaria), called Maram 
grass in Norfolk, where it is much relied on. If the 
soil be sufficiently fresh, sowing ray grass seeds answers 
a good purpose, and every locality affords also other 
plants easily propagated with this view. It may how- 
ever happen that the surface is of too loose and sandy 
a nature to be left exposed until vegetation can take 
place, in which case it must be turfed over; but if 
that should be impracticable, a coating of gravel must 
be at all events supplied. Turfing the surface is indeed 
a common practice when there is no need of stone, 
but as we are contemplating banks of several mUes 
extent, this mode would scarcely be applicable, and 
even when the intake is sufficiently swarded to afford 
materials for turfing, its productiveness is too much 
reduced. 

But there remains another portion of the facing 
which is most valuable, especially in cases when the 
bank is built on sand, viz. a gravel ybo/m^, wide enough 
to form a road, and renewed from time to time, as 
the traffic buries the gravel in the sand. This footings 
by forming a natural sea-beach, not only prevents the 
sea undermining, or otherwise ^^ pecking," the bank, 
but also consolidates the sand and checks the soakage 
under the bank, a service of the very utmost import- 
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ance for the purpose of preventing its blowing up. 
It may be added^ that although the gravel in the dia- 
gram may appear to some like a loose material to 
support a firmer one^ yet it has been found to answer 
well in practice; the clayey and sandy matter mixed 
with it^ the action of the tide and the traffic^ giving 
a solidity almost as great^ and less likely to be dis- 
turbed than that of the stone itself. 

The facing is managed in many different ways in 
different countries. De Luc^ in his ^ Geological Travels/ 
vol. i. page 381^ describes the method of facing the 
dykes or sea-banks on the coasts at the mouth of 
the Eyder^ to be that of forcing twisted ropes of 
straw into the face of the bank^ with sticks^ in places 
where the turf had been disturbed. Between these 
ropes the grass grows again. In other places hand- 
fuls of straw are placed in the face of the bank, 
part of which bending down forms a kind of thatch. 
The refuse of flax would also * doubtless suffice for 
a time to prevent the abrasion of the soil by the 
waves, and so would rushes or flags. Any kind of 
linen or coarse woven fabric, such as hop-bs^ging 
or the like, would doubtless temporally protect the 
soil from further damage, where the turfy covering 
might be torn up, and so would wads of sea-weed. 
These latter indeed are much relied on for the sea- 
banks of the islets near Portsmouth. Trusses of 
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strawj &c, might also be hastily applied when further 
damage is apprehended. 

In Holland^ however^ it has been customary to use 
a great deal of timber in sea-defences^ and amongst 
the modes of using this expensive and perishable 
material, is that of facing the bank with a frame-* 
work of strong oak, very accurately built, and the 
compartments filled in tightly with stone; but such 
costly modes of expense soon become nugatory, from 
the constant shake occasioned by the action of the 
sea, the frames sometimes becoming loosened and 
letting the stone escape, and sometimes the stone is 
shaken out, though the frames remain firm. Some* 
times, also, the sea finds its way behind this kind of 
facing, and renders it useless, so that it appears clear 
that in the facing of a bank we should ^^foUoto 
naturcy^ and imitate, as far as possible, a natural sea-» 
beach whereon the material is of a permanent nature| 
but so placed as not to give way to the restless 
action of the wave, otherwise than by finding a new 
bed immediately below its former one, if that should 
be slightly reduced by continual washing, and any 
thing beyond a slight reduction will be inadmissible i 
and hence in treating of the proper substances for 
facing, it will not be irrelevant to menj^ion those 
which, though sometimes used, are found to be im- 
proper for this purpose. Such are all kinds of 
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cement^ or material laid in cem^it^ wbich^ however 
tenacious^ sooner or later inevitably crack and break; 
away^ or become undermined and lose their earthy 
support, firom the continued agitation of the sea and 
the constant change which the earth of the shore is 
undergoing. Hard materials^ therefore^ with a firm 
natural individual bearing on the soil^ which are thus 
free to regain that bearing when disturbed, are the 
only substances to be depended on without incessant 
renewal. 

iff.) The tep or apeof of the bank is a feature of 
which the only question is the width of it, and thi3 
must depend greatly on the nature of the material 
with which the bank is built. If topped with stone, 
the narrower the better, to prevent a footpath or the 
tread of cattle, which might displace the stones, and 
then it might be brought up to a sharp edge. If 
the material of the bank be clay, two or three feet 
of width at the extreme top will suffice when swarded 
over. The width given in the diagram of 2^ feet at 
the extreme height is sufficient, because the sea- 
defence of that bank does indeed stop at the second 
or outburst height where it is five feet broad, the 
banklet above that being only added to prevent the 
swash going over, and as a guard against any very 
extraordinary but transi^it outbreak. This kind of 
banklet is in the fens of Lincolnshire, &c. called a 
^^eradffe bank/^ supposed to be a corruption of scratoh 
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bank^ from being hastily scraped together on the top 
of the main bank to stem the overflowing of the 
waters till they subside, and so to stop a threatened 
inundation; and the width at top of it may be pro- 
portioned to the height of the bank by adopting the 
proportions of the diagram, vis. half the height ' of 
the main bank for the outburst bank, and half the 
height of the outburst bank for the swash bank, 
which, however, should always be kept up by re- 
pairs, as the shrinking of the newly deposited mate- 
rials, and the washings of the rains or tides, may 
reduce its width or height. 

But if the material of the bank be sand or sandy 
earth, the width of the top must be greater, and the 
slope and the slope at back greater also. This exten- 
sion of width must be proportioned to the looseness 
and want of weight or cohesion of the sandy mate- 
rial, and even then care must be taken to cover its 
surface with vegetation as soon as possible. In ordi- 
nary cases, however, where the width of the top of 
the bank is required to be greater than in the dia- 
gram, say 4 feet, such width may be given by the 
addition of the space at n, without destroying the 
proper slope of the back of the bank. 

(A,) The b(ick of the bank will require not only 
such a slope as will enable the material to stand 
well, but also such as will admit of a good and 
firmly established vegetation, and this degree of slope 
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will depend much upon the material of the bank. 
Good ponderous adhesive earth will stand well at a 
slope of 1 to 1^ or less^ and the slopes of the back 
of the bank in the diagram are so^ of each of the 
three thicknesses^ and this is a good and sufficient 
slope for any earthy material that is likely to be 
employed in the construction of a sea-bank^ and upon 
this slope vegetation is sure to prosper. The sea- 
banks of silty sand on the coast of Flintshire are 
sown with lucerne^ the crop of which is large and 
valuable^ being in a district abounding with horses 
employed in mining. The roots of this plant are 
strong and elastic^ and penetrate deeply, so that the 
recently collected materials are firmly bound together 
for several years^ when the grasses gradually over- 
come the lucerne^ and a strong external sward takes 
its place. For ordinary localities, however, . it may 
be as well to secure the surface of the back of the 
bank as early as possible with ray grass, couch grass, 
and such strongly rooted grasses, and maritime or 
brackish plants, as can best be obtained on the pe- 
culiar soil, since it is first on the back of the bank 
that any impression is made by an accidental over- 
flow of the tide. This part once giving way, the 
bank is eaten away by the overfall of the wave from 
back to front, by a process called ** pecking" by sea- 
wallers ; the sea then breaks in, and a ^^breach" en- 
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sues* The safety of the bank^ therefore^ much depends 
uppn the security of its back* 

(t.) The delph or drain^ which in Essex and else- 
where^ in strong soils^ is dug on the land side of the 
bank or sea-wall^ for the double purpose of a drain 
and a fence^ is a feature of some importance^ inas- 
much as if dug too near the land foot of the bank^ 
it may be injurious by favouring and promoting the 
percolation of water from the sea side to the land 
side^ under the bank^ and in cases where this effect 
is not so likely to take place^ by reason of the ad- 
hesive nature of the soil^ as in more porous soils^ the 
danger is still imminent of its causing the base of 
the bank to slip and give way. On this account alone^ 
on some occasions^ several miles of delph have been 
filled up^ and dug afresh at a greater distance from 
the bank foot. Twelve yards from the foot of the 
bank is the true distance, even where no roadway ill 
intended, but it will always be found convenient and 
judicious to set out the space wide enough for a dxitt* 
way between the bank and the delph. Thd delph 
should not be nearer, although there is a great tempts 
ation to bring it nearer during the building of the 
bank, in order to make the materials from its ex- 
cavation available for the bank at a smaller distance. 
The usual dimensions of the delph, when cut in- 
dependently bt its materials, are 12 feet wide at top, 
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6 leet wide at bottom^ and 4 or 5 feet deep; gene- 
rally^ for a fence against cattle^ 3 to 4 feet depth of 
water is requisite. The water should stand 18 inches 
or 2^ feet below the surface of the land; but when 
the material out of this necessary excavation is 
reckoned on for building a part of the bank^ then 
the dimensions of the delph are arbitrary. Some- 
times they are enlarged into a lake^ which becomes 
dangerous to the stability of the bank^ when both 
its seaward and landward feet are laved with water, 
the one tidal, the other perpetual, so as to promote 
that junction andco-operation between the two waters 
which ought not on any account to be permitted, but 
towards which they are always tending. It is there- 
fore by far the best plan to get all the materials for 
the bank from the sea side thereof, and to use the 
materials arising from the delph in footing and 
strengthening the bank. In some cases, however, as 
in soft, loose, sandy soils whose tenacity is insuf- 
ficient to enable their sides to stand in excavation, 
the delph must be omitted, as it might tend to bring 
down the bank, and only a slight rill or channel be 
permitted to carry off the soakage from the bank, 
which, in such a soil, must be considered as in- 
evitable. 

In soils which have an ordinary degree of tenacity 
and adhesiveness, and the excavated sides of which 
will stand, the delph is highly useful in keeping the 
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bank dry, and carrying off any water which might 
otherwise remain stagnant. 

(A.) The foreland of a sea-bank is that portion of 
the ooze^ slob, saltings, or mud-banks, which is left 
unembanked, or on the sea side of the embankment. 
And there is certainly no feature appertaining to 
a sea-bank of greater importance than this, since it 
acts as the advanced guard to the bank itself, receives 
the first shocks of the sea, and deadens its force upon 
the bank, by decreasing the depth and bulk of the 
wave. The broader, therefore, the foreland, and the 
higher above low-water mark, the greater its protec- 
tion to the bank. In Essex, a county so famous 
for its sea-walls, the foreland generally stands several 
feet above low-water mark, and some hundreds of 
yards outside the bank, and where it wears away, its 
edges are scarped and stoned to prevent the loss of 
so valuable a defence to the sea-wall. 

But we do not now confine our contemplation of 
possible intakes to such as those of Essex, but em- 
bracing those mud-banks which are covered by every 
tide, we still deem some breadth of foreland abso- 
lutely necessary in front of the embankments of such 
intakes. Parties making such embankments will 
naturally wish to enclose all they can, and will even 
perceive some advantages in getting as near to low 
water as possible, so as to insure an open channel 
for the inland waters ; but it will certainly answer the 
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purpose of the boldest undertaker, to leave at least 
one hundred yards in breadth outside his intake. 
The chances are, that this will accumulate, and there 
will then be an increasing protection by lessening 
the depth and force of the wave upon the bank, 
whereas, without a foreland, the depth and force of 
the sea are exerted against the bank without any 
mitigation. 

Of (/.) the gravelled footing to the bank on each 
side, there is little to be added to what has been al- 
ready said, — as to its forming part of the slope of 5 
to 1 ; as to its use in consolidating the base or foun- 
dation of the bank; as to its forming a good and 
useful road, the traflSc on which might also greatly 
tend to consolidate the erection; as to its cheapness 
as a material for so much of the bank, and its form- 
ing a natural sea-beach of great value. All these 
points have been mentioned, and need not be further 
enlarged upon. 

4th. The process of, and the precautions requisite 
in, building sea-banks, are very momentous consider- 
ations, which we shall notice under the following 
heads, viz.: (a.) General observations. (S.) When 
the material on the spot is used, (c.) When the 
material is to be brought from a distance. 

(a.) Of the general precautions necessary to be ob- 
served, there is one paramount, viz. to avoid doing 
the work twice over, t. e. by preventing, as much as 

c 
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possible^ the material collected Trom being washed 
away by the sea as the work proceeds^ and to do 
what is absolutely necessary for the permanent se- 
curity of the bank^ but no more. These objects will 
be accomplished by some men at half the expense 
that others will incur^ and it will be no small help 
towards the economy and success of the work for its 
chief practical director to have clear notions of its 
difficulties^ previously to its commencement. These 
difficulties are^ even in the most favourable cases of 
sea-bankings great and numerous^ and even at the 
best, usually keep the ingenuity of the most skilful 
and experienced on the qui vive, whilst difficult cases 
engage their cares and anxieties night and day. The 
first object is to ascertain whether the soil of the 
space to be embanked, or any portion of it, be fit 
for the bank; if it be, much care, anxiety, and ex- 
pense are saved, for then it is only requisite to col- 
lect the earthy matter into a bank, in the most 
convenient manner, so as to fulfil the conditions 
already stated; but even in this case it will be 
necessary to nse the precaution of building the bank 
from the two ends, approaching each other towards 
the place of "shutting up,^' as it is called, i.e. 
closing, or finally excluding the sea; and each end 
should be of the full height, or at least the full 
height of spring tides ; because wherever the tide 
overflows an incipient bank, much of the material 
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is washed away, and the mischiefs that otherwise 
happen are considerable. The bank therefore should 
be built up to its safe height at once. 

If any creeks, rills, or deep gullies are to be crossed, 
the loose '^slush'^ is first to be scraped away, a 
paving of stone laid, not only over the whole space to 
be occupied by the bank, but also at least 10 yards 
beyond that space on the land side, and more than 
20 yards on the sea side, and on each side they 
must be spread fanlike. This is to sustain any cur- 
rent that may take place at the reflux tide, and if the 
ground is tender and the stones not ponderous, they 
should be laid in portions of heath, furze-bushes, 
sticks, or even straw, so as to give them mutual 
adhesion and support. A great efibrt should be made 
to stop out the tide at once from the creek, for which 
end a great quantity of material should be gathered 
on the edge, ready to be poured in quickly, at low 
neap tide, and fine weather being chosen for the pur- 
pose. A narrow bank may do at first, if of sufficient 
height, and it may afterwards be strengthened at the 
back with earth rammed down, and with stone in 
front thrown down, and permitted to find a footing. 

As the line of bank advances along the shore, 
much watchfulness wiQ be requisite; currents will be 
formed by the disturbed action of the tide, ^' gulls'^ 
(pits) will be formed, former channels will enlarge, 
and new ones appear, and the shore itself will seem 
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in places to be tending seaward. To meet these 
symptoms, stores of stone, of grass turf, and of 
heath, furze, fir tops or bushes should be provided 
at an early stage of the work. The loose or failing 
earth should be retained in its place by a judicious 
use of these materials, which themselves may require 
to be retained by piles, for which Scotch fir thin- 
nings and boughs of little value may be used. These 
precautions will probably be more particularly re- 
quisite as the two ends of the bank approach each 
other, towards the place of shutting up. The tidal 
way will then be contracted, and the rush wiU be 
great, both of the influx and reflux of tide. Much 
of the material at the ends of the bank will thus be 
carried away, unless guarded with turf kept down 
with stone during the flow of tide, and removed at 
its reflux when the work is renewed. And if there 
should be any disposition in the earth of the shore 
to be moved by the tidal stream, it must be pre- 
vented by the sort of pavement of stone already 
mentioned, and fanned out to a sufficient extent to 
enable the soil to bear thie current vnthout being 
removed. 

Much judgment is required in choosing the place of 
shutting up. This is often fixed at the deepest part or 
main channel, as the natural inlet and outlet of the 
tide, and sometimes no other can be adopted ; but it 
will be matter of serious thought, whether the shutting 
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up could not with advantage take place on higher 
ground, and the main channel be crossed by the bank 
previously. 

It is true that this will impound a lake inside, of the 
same extent and depth as the channel, but this water 
will be ultimately worked out by the sluices ; and by 
having higher ground to shut up on, longer time will 
be gained for working between tidesj and less material 
will suffice. It should also be considered, whether two 
or more '^gaps'^ are not preferable to one. 

But wherever the shutting up takes place, care 
should be taken to collect sufficient material of every 
kind likely to be wanted to shut up in one tide; and 
with this view, the two ends of the bank must be 
advanced accordingly with guards of turf^ heath, and 
stone, as already mentioned. As the earth thrown in 
attains a position ranging with the general front line of 
bank, it should be covered with stones thrown down at 
random, but close, and secured with spray of some 
kind as a key. A boom also across the gap is often 
useful, whilst shutting up^ to check or equalize the 
current. 

In very difficult cases, sand-bags^ i. e. about half a 
cubic yard of any kind of ponderous earth enclosed in 
coarse hempen bags, must be provided in great num- 
bers, ready to throw into the gap at such critical 
moments as may require the most strenuous exertions 
for the purpose of shutting up between tide and tide. 
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because shovel-fulls of earthy Mid even large stones^ are 
carried away by the force of the current ; whereas these 
sand-bags are weighty^ and contain many shoveUfulls^ 
though taking scarcely more time to throw in than one 
shovel-full; and they afterwards accommodate their 
forms to each other^ and pack very closely together; 
but they should be afterwards guarded by a coating 
of stone outside^ and staunched with a thick backing of 
adhesive ponderous earth on the land side. 

The sea being shut out^ it remains to make up the 
bank to its full height, t. e. by adding what we call the 
outburst and the swash-banks. This may be done with 
the material from the ^^ delph/' dyke, or drain, dug on 
the land side, mentioned previously, provided the soil 
thereof possesses the properties of weight and cohesion 
in a sufficient degree to be eligible for that purpose. 

A very important precaution is to divide the intake 
into as many portions as circumstances render conve- 
nient, making so many separate intakes or levels, since 
an intake of moderate size is much more manageable 
and less expensive per acre than a large one ; and if 
any rivers cross the ground, as is almost sure to 
be the case in large undertakings of this kind, it is 
much better on all accounts to construct separate, 
independent intakes between those rivers, even if they 
should be but insignificant streams, than to attempt to 
enclose such streams within the bank, and afterwards 
sluice them out, because, however contemptible such 
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streams may be in summer, they almost always (espe* 
cially in mountainous countries) pour down a vast 
quantity of water at particular seasons, which it may 
not be possible to carry off in time for vegetation. 
And in banking out such rivers and streams care must 
be taken to embank them quite as securely as against 
the sea, leaving them a good wide berth diverging gra- 
dually but sufficiently towards the sea, and taking 
care that they disembogue clear of the sea-bank. And 
even if there should not be rivers or streams inter- 
secting any space within 700 to 1000 acres area 
designed for an intake, it would be prudent still to 
return the bank to land when that space was gained. 

But when the soil is treacherous, still greater pre- 
cautions are requisite, and much more ingenuity and 
watchfulness in foreseeing and providing for untoward 
events, besides a considerable degree of coolness, judg- 
ment, and skill in remedying, at the instant of their 
occurrence, such events as could not be foreseen. 

Hence the men employed on the bank as foremen of 
the works must possess the rare qualifications of much 
knowledge of what they have undertaken, joined to 
steadiness, coolness, and great temper, and manage- 
ment of the workmen, whose respect and confidence 
they must possess, not only as to skill, but as to fair 
dealing and respectability of conduct. It is always 
worth while to pay a man so qualified handsomely, 
and in several instances such men have proved as 
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anxiously intent on success^ and as earnest to obtain 
it at the least possible cost, as if they were spending 
their own money for their own benefit. Others, how- 
ever, are reckless of cost, and only intent on effecting 
the object ; but when a proper degree of confidence is 
reposed, so that the man feels himself relied upon, and 
rather consulted than ordered, so as to enlist his feel- 
ings and character in the work, he will, in most 
instances, bring to the service an almost incredible 
degree of vigilance, activity, anxiety, and ingenuity. 

There are many objections to embankments being 
done by contract; for, in the first place, no man can 
estimate what no human foresight can contemplate, — 
no man can foresee in difficult cases how much work is 
to be done, because the wash of tides will cause isome 
work to be repeated, though he may know well enough 
how much is to be finally left done ; and even if the 
quantity of labour could be foreseen, as easily as that 
of a building or inland banking, it is bad policy, in any 
one interested in the result^ to depend on any parties 
not so interested: like the acknowledged impolicy of 
letting woodlands, because the tenant's immediate 
interest militates against the owner's reversionary 
interest, — so the contractor's interest is but immediate, 
and though he may fulfil his contract honourably, it 
being impossible for either himself or the owner to 
foresee everything that may be requisite, both may, 
and most likely will, be disappointed, since such works 
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as embanking always require more labour and cost to 
efifect than can possibly be foreseen^ nothing happen- 
ing to accelerate^ but a thousand things to retard^ the 
work. In all such contracts nothing is more common 
than for a contractor to bind himself to a specific time 
for completion of the work. Yet nothing can be more 
imprudent, since such work is liable to so many acci- 
dents of tides, storms, turn-out of men, difficulty and 
delay as to materials, &c., that no human being can 
foresee the exact period of completion, even with the 
utmost diligence. Yet the proprietor should have 
security for due diligence being exercised ; but how is 
this to be tested, since it cannot legally be referred 
beforehand to any neutral person to judge ? and per- 
haps the best security is to withhold a portion of the 
payment until the work is complete according to con- 
tract, to be certified by some competent and neutral 
person. 

Other precautions of a general nature are well 
worthy of attention, viz. to raise the bank to its full 
height as soon as possible, and to allow in so doing for 
its settling and shrinking from one-eighth to one-fifth of 
its height, and also to let the earthwork remain, for 
one winter, without any stone facing, till it is seen what 
effect the sea has upon the bank, what slope it takesy 
and how far it may consolidate and take a natural 
bearing, before the external facing is put on. It is 
true that some little escape of materials may take 

c5 
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place^ but this would be much checked by well ram- 
ming the earth in fronts after covering it with a thin 
coating of gravel; and the loss will be amply compen- 
sated by additional solidity^ by the saving of one year's 
interest on the cost of stone facings and by the absence 
of that confusion which takes place when several 
different works are going on together upon a confined 
space. 

With every possible precaution, however^ a new sea- 
bank will seldom be. completed without one of those 
accidents called a breach, viss. the blowing up and 
carrying away of a portion of the incipient bank^ and 
often of part of the soil of the intended intake to a 
considerable depth. This usually happens in conse- 
quence of the water penetrating the loose earth thrown 
up, and is attended not only with considerable ex- 
pense of restoration, but also with a great diminution 
of that favourable prestige towards the undertaking 
which it is desirable to cherish. 

These breaches might often be prevented by the 
simple operation of giving cohesion to the materials 
by ramming them down as the bank advances, a very 
slight degree of consolidation in addition to the natural 
weight of the earth being suflScient to prevent the per- 
colation of the water to any mischievous degree. And 
even should a breach happen after all, it is by no 
means so awful an occurrence as generally regarded, 
but simply an addition to the cost, — a matter, however, 
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to be at all times avoided, and therefore to be carefully 
guarded against. Such breaches often happen by 
reason of some spot along the line of bank which is 
Jess firm^ i . e. more watery and soft, than the rest ; 
hence the necessity of previous examination of the 
line, and the precaution of rendering such spots firm 
and sound as a foundation for the bank. 

[b) In cases where the material of the slob or shore 
to be embanked is applicable to the building of the 
bank, much expense and delay may be avoided, and 
there can be but few cases where that material is 
wholly inapplicable, since any soil which is so entirely 
devoid of argillaceous matter, as to require to be wholly 
rejected, can hardly be a fit subject for an intake. In 
general, indeed, the whole or nearly the whole of any 
sea-bank may be thrown up from its own vicinity, 
either by means of barrows running on planks, or by 
horses and carts, either of which may be accomplished 
at an expense of about sixpence per cubic yard ; and 
one of the advantages of these modes is, that as much 
force as is wished may be employed along the line^ 
and the work done in the shortest time possible, f . e. 
within the working days of one season, reckoning 200 
days from the 1st of March to the 1st of November, sq 
as to obviate the necessity of leaving the unfinished 
bank to the *^ pelting of the pitiless stormV for a whole 
winter. 

Jn cases where all the bank cannot safely b^ built 
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with the material on the spot^ it will be necessary to 
determine what portion of it that material is fit for^ 
since it may be extremely ineligible in a wet state, but 
quite the contrary when dry. It may often be highly 
eligible for the parts above ordinary springs, or for the 
front of the bank beneath the stone-work, when it sets 
hard after being wet, or it may do for the back of the 
bank, when covered over with vegetable mould. All 
this must be well considered, taking into account at 
the same time, that any saving of expense which 
detracts from the stability and permanency of the 
bank is very bad economy, and the worst policy. 

Amongst other precautions in building a bank with 
the materials which the line of bank affords, one is 
most important, viz. to go out to some distance for 
them from the sea-foot of the bank, so as to avoid 
causing deep water at the immediate foot. Another 
precaution is to avoid favouring any channels ; and to 
this end, digging away the earth in spots with bars left 
between them. If the water comes up at all turbid, 
these hollows will soon fill with warp. A channel 
along the foot of the bank is particularly to be avoided 
as probably mischievous. 

It seldom happens, in the case under notice, that 
carts and horses can be largely employed to collect the 
materials, by reason of their wetness and softness, or 
from the rills and inequalities of the surface. Planks, 
barrows, and ^^ box-horses,'^ are therefore the usual im* 
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plements employed; and according to Mr. Mylne^s 
evidence before the Committee of the House of Com- 
mons on a Railway Line^ " four men can fill and wheel 
60 cubic yards of clay a distance of 20 yards per day 
for 14^.^ which allows each man 3s. 6d. per day^ and 
averages 2|d., say Sd. per cubic yard, allowing Id. 
niore for each additional 30 y^rds.'^ This was also his 
father's rule, and is important, not only in ascertaining 
what quantity of work can be done in a given time, but 
also its cost in this mode of collecting the materials of 
a bank. 

It is an advantage of barrows and planks, and in 
some degree of horses and carts, that they admit of 
any number of hands being employed, so as to exclude 
the sea in one season, — this being of great importance, 
in order to prevent its ravages upon an unfinished 
bank. Thus it becomes expedient to have several 
reaches or portions of the bank going on at once, by 
different gangs, and this will occasion several gaps or 
places for closing, which will be an advantage, since 
the force of the reflux tide will be divided, and the 
closing more easily effected. 

(c.) In cases where the earthy matter for the bank 
must be brought from a distance^ a mucb greater array 
of machinery must be employed. In some cases it 
has been brought in barges where they could be loaded 
from the shore, but the best way is thought to be by 
tram-roads and tip-waggons, the experience of which 



62 PROCESS OF EMBANKING. 

has become diffused by railway practice^ so that there 
needs but one caution in collecting materials for the 
bank by them^ viz. to build the bank to the full 
height as soon as possible. 

The advantages derivable by the use of tram-roads 
are, however, much diminished by the original cost of 
them, and by the loss of time in placing and re- 
placing them. They are also liable to the objection 
of depositing the earthy material loosely without any 
assistance to its consolidation,' — an object found to be 
better attained by horses and carts, which might, 
with a little ingenuity, be so worked in collecting the 
material, either on the spot or from a distance, that 
the weight of the carts and the tread of the horses 
might be available pretty uniformly . over every por- 
tion of the bank; and where this is not done, the 
ramming of all the earth that is loosely cast should 
be adopted, in order to consolidate and give it that 
cohesion which is one ingredient in its strength, 
besides preventing or checking its loss by the washing 
of the tide, which latter effect alone would in some 
cases repay the expense of ramming ; and in one case 
I have known a breach, and 10,000 acres, drowned^ 
where ramming would certainly have prevented that 
catastrophe. 

As to the expense of the machinery in embanking 
by means of tram-roads and waggons drawn by horses, 
it appears by the evidence of Mr. Robert Stephenson 
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on the Great Western Line^ that a contractor's stock 

was then worth 

For rails and chairs • . ^2587 

For points, crossings, &c. . . 387 

For waggons . • • . 575 



^3449 

and that they will be worthy when the work is done^ 
i. e. in two or three years^ 

The rails, &c. one-half . . ^1293 

The points, &c. one-third . . 96 

The waggons, one-fourth . . 144 



1533 
The difference will be . . .^1916 

• 

which; on three miles of such a bank as the diagram^ 
enclosing 1000 acres^ will be about \\d. per cubic 
yard, and this is exactly what Mr. S, makes it by 
another mode of calculation. This mode of doing 
the work is therefore best calculated for large under- 
takings, or for those who are already possessors of 
such stock or plant which may have been before used 
on railways, &c. 

Of sleepers, Mr. S. says that 3000 are required for 
a mile, and they cost, if permanently good larch or 
oak, 6$, or 7^* each ; Scotch, about half, but the latter 
soon decay. Now, however, good tram-road sleepers 
may be bad V^% much less money. 
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The use of locomotive engines to draw the waggons 
is condemned by some engineers as not applicable^ 
with any advantage^ at less, distances than two to three 
miles; they are then by some reckoned to cost^ all 
things considered^ very nearly as much as horses and 
carts ; by others^ where earth is moved by horses and 
carts at 6d. per yard^ it may be moved by locomotive 
engines at 4irf. per yard. By others^ the working of 
locomotive engines is reckoned at 2d. per yard per 
mile^ although the engine itself may be hired at i^ths 
to T^g-ths of a penny per mile. But one engineer 
thinks they do the work at half the price of horses. 
(See Breeds Railway Practice.) There is, however, 
considerable difficulty as to their working on so un- 
settled a foundation as an incipient sea-bank. Mr. 
George Stephenson says, '^I stated last year it was 
impossible to use locomotive engines upon a tem- 
porary road with advantage, and I now repeat, it 
would be much dearer than horses: if you can get 
a mile or two of permanent road, I think they may 
be used, but it is madness to attempt it upon an 
embankment.^^ He, however, remarks that they may 
be advantageous in point of time. Time also is a great 
matter in the execution of sea-bank work, since work- 
ing months are nearly limited to those from the 1st of 
March to the 1st of November, and night-work is by 
some engineers reckoned double the price of day- 
work under favourable circumstances for the latter; 
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by others 25 per cent, more is allowed beyond ordinary 
labour. 

The rapidity with which a bank could be built 
with tram-roads and horses would be limited by the 
number of tip-roads. At the early part of the work 
there may be six tipping-places^ and 800 to 1000 
cubic yards per day might then be delivered with a 
good arrangement of the work^ but these tip-roads 
would gradually diminish to two, which would deliver 
only about 300 yards. Now, if 750 cubic yards could 
be accomplished as the average, a bank like that of 
the diagram would be erected within the working 
period of one year, viz. 1st March to 1st November: 
such a bank, from three to four miles long, and con- 
taining about 100,000 cubic yards per mile, might be 
completed in 200 days, or from 1st March to 1st of 
November, including some night-work in the summer, 
and working from each end of the bank. 

But whichever mode is adopted of getting together 
the materials of a bank from a distance, the work will 
proceed with a certainty of effect, provided the mate- 
rials are good, i, e. not light and loose enough to be 
much washed away by the action of the tide after de- 
position, and not open or porous enough to allow the 
water to percolate through, after the bank is finished. 

In all such works, experience proves that everything 
depends on arrangement and method, but more par- 
ticularly with tram-roads and waggons, since one con- 
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tractor will be rained at the same rates by which 
another makes a fortune. Nothing, therefore^ can be 
more important than the consideration of the best 
methods for conducting the work to avoid confusion, 
and so that each teamer must keep his time both going 
and coming; that no time may be lost; that each 
waggon should carry its proper load, and that no 
loitering should take place at one time, and hurrying 
at another. These are matters depending entirely 
on the skill of the managers and overseers; and the 
degree of that skill, and the constancy with which 
it is exercised, will make full 25 per cent, difference 
in the cost of the work. Some general views may, 
however, be mentioned, — such as that of waggons 
capable of being tipped on either side, instead of 
having to go to the head of the bank, by which 
means any number of loaded waggons might be 
employed and led to any required distance, unloaded 
and return by the same line of rail or tramway, and 
when sufficient earth was collected, the rails might be 
removed, and the earth shaped according to the sec- 
tional area previously determined on. Thus sup- 
posing the bank required to be that in the diagram, it 
would first be necessary to raise a bank to the height 
of spring tides, say 10 feet, and to place a single rail on 
that: this 10-feet bank would be raised in the same 
manner by unloading on each side from rails kid on 
the slob, during the tidal working hours, till there was 



PROCESS OP EMBANKING. 67 

enough material collected to form such a bank; the 
material could then be piled up in proper form^ 
rammed to consolidate as it arose, and the single rail 
placed at top of the 10-feet bank which might be built, 
^with its centre upon the point d in the diagram, and 
with say 9 inches to 1 foot slope on each side, which 
slope would be increasing continually by the unloading. 
When this was accomplished the workings could go on 
at all times of tide \ no time would be lost, because the 
loaders would have another set of waggons filled by the 
time the empty ones came up, and the horses, with 
only the slightest contrivance imaginable, might be 
made to push the empty waggons back again for reload- 
ing, and for that purpose would only have to turn 
themselves round upon the tram-road. Thus arranged, 
one line only of rail would suffice, and but once mov- 
ing of that. Any number of waggons might be used, 
and as soon as sufficient earth was collected, the bank 
might be ** licked into shape.*' There might be some 
little labour in shaping the material for the rail-bank, 
so as to clear the rails laid on the slob itself, or a 
gravelled road thereon, at first ; but this would not only 
be trifling, but highly beneficial in mixing and incor- 
porating the material, and its consolidation by ram- 
ming would much assist in securing the nuclem of the 
bank, and rendering it not only firm and adhesive, but 
impervious to the soakage, — benefits far beyond the 
expense of shovelling up the material. 
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5 th. The best line of direction for a sea-bank is not 
so often attended to as the matter deserves. This line 
should be considered with reference not only to - the 
eiBitent of the ground to be embanked^ but also to its 
exposure with respect to the prevailing winds. 

The best line of direction is not one at right angles 
with the prevailing winds and seas, but one rather in 
the same direction as these, — not a straight line, but 
one affording such curves as that the salient angles 
may protect the retiring lines, — ^not actually zig-zag, 
but with projecting elbows here and there, so placed as 
to embay the spaces between them. The benefits of 
these projections are considerable. They shelter, 
under some circumstances of wind and tide, very 
extensive reaches of bank to leeward of them, and in 
other cases thev break and divert waves that would 
otherwise rake the bank for miles. They act as jetties 
also, and tend to accelerate, if they do not actually 
cause, the accumulation of silt and mud in the bight to 
leeward of them, and so not only strengthen the bank, 
but also prepare for another embankment outside of 
the first. Care must however be taken to enable these 
advanced guards to sustain the rudest shocks of the 
ocean, and, with this view, they must be well covered 
with stone over the whole of their height above tide. 

The position and distance of these points must 
depend on the general form of the shore and on the 
form of the line chosen for the embankment, but it 
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would be well to place them upon any rocky or 
gravelly points that may exist on, or near, the line, or 
even any little mounds that may occur on the line, if of 
sound materials, but also so as to present one of their 
projecting sides to the most prevalent wind and sea, 
and so that it may throw off to seaward any wave 
striking that side. 

The distance of such points may be from one to two 
furlongs, and in the case of bays between, they may be 
more distant, even to a mile. The bank in the inter- 
mediate spaces between these points had better be 
rather curved than straight, and the curves had better 
be rather inward towards the land than outward to* 
wards the sea, — because the power of the wave will be 
diminished by the inlet or bay thus made, and it will 
have a tendency to fill up and strengthen the bank. 

In choosing a site for a sea-bank, care should also 
be taken to avoid those spots which are exposed to 
any great current or rush of tidal or land-flood waters 
against the bank, since the force of such waters may 
be so great as inevitably to overcome the resistance of 
almost any bank. In estuaries or inlets where the en- 
trance is wide but suddenly narrows, these currents are 
often very strong, — the tide comes up with an "eager^* 
or '^bore" as it is variously called, i.e. a wave of 
several feet in height> — as in the Severn for instance, 
which scarcely any bank could receive "full on" with- 
out destruction, although it might pass innoxious from 
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end to end along the line of bank. Sometimes also, the 
most tempting land-locked situations are liable to this 
objection, and where it seems only requisite to join 
two opposite projecting points by a bank, in order to 
gain a large extent of land, and yet such a bank may 
be almost impracticable by reason of the strong cur- 
rent with which the tide sets in against it* On the 
other hand, there may be very eligible situations for a 
sea-bank, even in such estuaries as are filled by a rapid 
tidal current, because there are often in such estuaries 
projecting points of land which break the force of the 
current, and in the bight of which the tidal rise is 
almost tranquil. These are therefore points of the 
utmost importance to be attended to in the choice of 
an eligible site, or line, of intended sea-bank. 

6th. But the most essential consideration in the line 
of a sea-bank is its situation with reference to low- 
water mark, since on that depends the drainage of the 
land embanked ; — and unless that is perfect^ its recla- 
mation and cultiTation are hopeless. This drainage is 
to be effected by means of sluices, with valves to close 
with the tide, and to open by the pressure of the land 
waters, and of these we shidl treat further on, tinder the 
specific head of Drainage. 

The bank, therefore, must be placed sufficiently 
above the tide at ordinary low water to admit of the 
sluices remaining open as nearly six hours as possible^ 
and in general for four hours at least. If placed at 
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low*water mark^ the return tide would evidently shut 
the sluice valve^ or door^ almost as soon as it was 
opened by the tide receding^ although so long as the 
weight of water inside the sluice is greater than that 
outside of it, so long will the sluice remain open. 
When placed so low, however, the run is stopped 
whenever the tide does not recede so much as usual, 
which often happens when the wind keeps up the 
water, and also in neaps. Therefore the sluice must 
be placed, as nearly as circumstances will admit, so far 
above the low water of spring tides as will allow it to 
have six hours^ run between tide and tide, beginning to 
run at half-^tide of ebb, and continuing to half-tide of 
flood. 

But the sill of the sluice should be at least 2 feet 
below the level of the land, therefore the proper height 
of the foot of the bank above low-water mark is 4 feet 
at least. Most speculators will, [however, carry their 
line of bank to within 2 feet of the low -water 
level ^ but this is imprudent and injudicious, as the 
greatest fault of an intake is being too low with refer- 
ence to the tide, and the more especially when it is flat 
as well as low, in which case its drainage is diflicult 
and expensive, and, however good the soil, its culti- 
vation must be imperfect without the expense of 
machine drainage, in addition to what natural drainage 
can be obtained. We conclude, therefore, that the 
most eligible situation for a bank is such as will allow 
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of about 2 feet from the sill of the sluice to dead low 
water, that sill being placed 2 feet below the general 
level of the land, i. e. the, land being 4 feet above low- 
water level; but this roust depend on many circum- 
stances, amongst which the quantity of water intended 
to stand inside the intake, or what is usually termed 
^^the fleet,^' must be taken into the account; and if all 
cannot be drained, it will be important to determine 
how much beforehand, and to place the bank accord- 
ingly. Thus, for instance, shoiild the proposed intake 
consist of 1000 acres, and should the chief part, say 
700 acres, of ils surface, be 4 feet above the dead low 
water, it would be sufficient; although 200 acres more 
might not be above 3 feet higher than low water, and 
even 100 acres either not above 1 foot higher, or never 
ebbing dry, since these lower levels may either remain 
as fleets (lakes), or, if worth while, be drained by 
steam. 



II. THE ELIGIBILITY OF A SUBJECT FOR 

EMBANKING. 

The eliffibiliiy of any shore, slob, ooze, or salts, — aa 
the space covered by the sea at high tide and ebbing 
dry is variously called in different locaflnesjrjwiay be 
partly inferred from the preceding observations, but 
there are also various other points to be specially con- 
sidered, amongst which the following may be regarded 
as the most essential, viz. 

(«•) Its height of base above the tide. — ^This is im- 
portant for several reasons, but chiefly on accoimt of 
its drainage to seaward; for, as has already been 
noticed, unless there is height enough above ordinary 
or medium low water to admit of the sluices running 
from four to six hours between tide and tide, no suffi- 
cient natural drainage can be obtained, and it may be 
necessary to resort to the expensive means of steam 
drainage, and even that may not be effective in all 
cases, i. e. cases in which the land waters come down 
very suddenly. 

In Essex, no intake, as the embanked grounds are 
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there called^ is ever attempted of ooze or mud over-* 
flowed by every tide. It is only the saltings which are 
considered fit subjects for that speculation^ and these 
are only covered by spring tides. The banks^ or^ as 
there termed^ sea-walls^ are therefore on ground gene- 
rally 5 or 6 feet above low-water level, and the sea- 
walls seldom exceed 6 or 8 feet in height above their 
seat. Still it is very possible to embank and drain 
lower slobs than these^ but the difficulties are propor- 
tionate, and on the whole it must be concluded, that 
any slob 'of less height than that which admits of four 
to six hours' run, unless of extreme fertility to afford 
steam drainage, is not eligible for embankment, aa 
besides the drainage, the lowness of the ground must 
be compensated by additional height of bank, and the 
hazard, and the expense of security against that hazard^ 
are thereby increased* Stilly land-locked and sheltered 
banks may securely admit of a great height of bank if 
made strong enough, but then the expense nuiy be aug^ 
mented beyond the ultimate value of the land to be 
gained. There is also another point, in which tlie height 
above tide is of consequence, viz. that in low cases the 
soakage from sea to land is greatest, and the hazard df 
the bank blowing up more imminent. Besides, low slobs 
have seldom attained to those qualities of soil which 
are essential to fertility, and which time alone can give» 
There is yet another objection to low intakes, viz« that 
they contain so much salt from the oonstant presence 
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of the tide^ that they are a long time in becoming 
sufficiently freshened for cultivation, and that time 
is prolonged in proportion to the tenacity of the 
soil, 

(i.) In the second place, eligibility much depends on 
the nature of the soil of the space proposed to be 
embanked, which must in particular be carefully consi- 
dered. In Essex, where the banks are placed so high, 
the soil is particularly favourable, both to sustain em* 
bankments, and as a material for making them, and is 
called Marsh clay, being probably the debris of the 
London clay, macerated by diluvial action* In the Isle 
of Ely and Lincolnshire the soil is silt or a sea-sand, 
ponderous from the smallness of its grains or particles, 
and somewhat cohesive from that cause, or from the 
ai^llac^ous matter mixed with it. Here also few em- 
bankments are less than 5 feet above low water. The 
best and earliest indication when a marine soil has be- 
come fit to embank is the growth of samphire, which 
demonstrates its stability and permanence of position, 
and is the forerunner of the marine grasses, so healthy, 
for sheep, which are largely fed on the very extensive 
saltings of Essex, care being taken at first to drive 
them off as the tides put on, though they soon learn to 
come off themselves, before the filling of the creeks 
prevents their escape. 

The best soil for an intake, therefore, is that clayey 
earth whereon sufficient marine herbage grows to 
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afford sheep-feed of some value^ and this will be above 
the level of ordinary tides. 

The next best is silty earth, with sheep-feed like 
that already mentioned as found on the Lincolnshire 
coast. 

The third is mud-banks with samphire^ over which 
the spring tides always flow. 

The fourth is mud, over which the tide always flows 
more or less, and this is eligible in proportion to its 
clayey matter. 

The fifth is what is called sheer sand, which is 
almost barren, except as to a few plants, such as the 
eringoy the sand-rush^ &c., but sometimes even this 
sand is rendered to a certain degree fertile by the 
calcareous matter of comminuted shells, or may be 
rendered fertile by raising on its surface the marly 
substance sometimes found beneath. 

A sixth class may be designated in those sandy 
and shingly dunes, which continue for ages bare of 
vegetation, and are only worth embanking on account 
of local value; and these must be deeply covered 
with mould to enable them to grow anything. There 
is a breadth of several miles of such sands and shingle 
between Lydd and Dungeness on the Kentish coast, 
and much also south-west of Hunston in Norfolk, and 
about Yarmouth. 

In our judgment on the all-important subject of 
soil, we are not, however, to be misled by the black 
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and stinking deposit of the sea amongst sandy par- 
ticles^ — not to mistake the mere decay of marine vege- 
tation for inexhaustible fertility or rich manure. Such 
matter soon dries into a caput mortuuniy and little but 
a white sand remains. To secure permanent or high 
fertility, there must be suflScient quantity of argil- 
laceous matter to render the deposit somewhat slip- 
pery under foot when in a moist state, and if some 
shells are seen, so much the better. 

A chemical analysis of the soil would be highly 
interesting, and by it the proportion of humuB in 
the soil, as represented by the animal and vegetable 
matter, would probably be great; but the proportion 
of argillaceous matter, with reference to its staple and 
powers of fertility, would be but vaguely expressed 
by the proportion of alumina or pure clay thus found, 
since that is a substance scarcely existing but in 
chemistry, and in nature is so universally mixed and 
amalgamated with silicious and other matter, as to 
lead to the conclusion that it is not the quantity of 
this constituent, so much as the nature and mode of 
its admixture with other constituents, which give 
staple and fertility to a soil. Liebig's (or rather 
SprengePs) analysis of soils gives an average of 0*908 
per cent, of alumina in 18 cases of light sandy soils, 
and an average of 2*559 per cent, to 8 cases of poor 
infertile soils, one of which was 4*200 per cent. Also 
an average of 1*624 per cent, of alumina to 8 cases 
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of good loamy soil^ the highest being 5*128 and the 
lowest 0*650 per cent. One of these was sea-shore 
land^ and had 4*941 per cent, of alumina. Also an 
average of 4*388 per cent, of alumina to 12 cases of 
very good land^ and 12*700 per cent, to 3 cases of 
remarkably fine wheat land^ though not very heavy^ 
whilst 4 cases designated as strong land, or heavy 
land^ contained an average of only 1*969 per cent, of 
alumina. Though the infertile soils here show the 
smallest quantities of alumina, and the good wheat 
soils the largest^ yet in other respects the proportions 
of alumina are not such as to afford a safe or suffi- 
ciently intelligible criterion of staple and fertility in 
that particular. A specimen of soil from Weston^ 
Hunts^ on the heavy clunch clay, the coldest and 
heaviest of all soils, analyzed at the Board of Eco- 
nomic Geology, Craig's Court, (now Jermyn Street,) 
London, gave 9*7 '* alumina or clay eartk/^ which seems 
a clearer mode of expression than by alumina, meaning 
pure clay; and any one accustomed to judge of the 
acreable produce of soils under fair farming, and 
thence of their rental value, would prefer an analysis 
which gave the argillaceous and silicious matter gene^ 
rally, the other minor ingredients of soils being as 
minutely expressed as chemistry will give, although, 
after all, the outward and visible signs are quite suffi- 
cient to enable those who have long made it their 
study and practice, to form a correct judgment on 



SUBJECT FOR BMBANXING, 19 

the capabilities of soils, which depend on many cir- 
cumstances besides the chemical ingredients — as situ- 
ation, aspect, subsoil, drainage, condition, and the like : 
still it is thought that an analysis of soils proposed 
to be embanked would be very desirable. The late 
Bev* Mr. Hham quotes as rich alluvial soils three 
instances containing respectively 81, 79^ &nd J4 per 
cent* of clay, 10, 10, and 6 per cent, of sand, and IH, 
6^, and 6| of humus. The German chemists con- 
sider soils as clayey when containing about 50 per 
cent, argillaceous matter, loamy when SO to 50 per 
cent., sandy when 10 per cent. Soils to be fertile 
should also contain at least 5 per cent, humus and 
5 per cent, calcareous matter. 

In Essex, where the marsh day is very tenacious, 
several years must elapse before the salt is sufficiently 
carried off to admit of cultivation, but it happens 
sooner in sandy soils. The fertility of the soils of 
intakes is, however, partly due to the saline as well 
as to the animal matter which they contain* It is 
only the excess of saline particles that is injurious 
to vegetation, as may be proved on any land where 
salt wiU destroy the bad grasses, but, when sufficiently 
diluted by the rains, will encourage the succession of 
good grasses. 

One may judge of what the sea*mud will come to 
when laid dry, by observation of the neighbouring 
shores. If they are argillaceous, so will be the soil 
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of the intake ; if silicious^ sand will predominate^ since 
these mud-banks are but the detritus of those shores 
altered by the sea and its contents. 

The embanker may^ however^ always test the time 
it will take to freshen and to admit the growth of 
clover by experiments on the soil from different spots^ 
brought into a garden and surrounded with frames^ 
to separate it from the other soils. It must^ more- 
over^ be remarked that soils in their crude state 
undergo great changes by admixture and thorough 
amalgamation of their particles; their productiveness 
is so dependent on this^ that we regard harrowing as 
one of the most important operations in the culture 
of soils. 

Shells mixed in fragments^ or in layers^ are always 
a good sign^ and denote fertility. There are also 
often to be found patches of calcareous clay amidst 
sandy shores^ though covered with silicious matter, 
and by raising such upon the surface the fertility 
may be greatly increased. 

It may also be well for an intake to include some 
acres of beach or shingle, or gravel, as that material 
may prove highly useful for making or repairing roads, 
&c., or even for draining. 

(c.) Another point of eligibility is the degree of 
shelter from prevailing winds which the position of a 
bank may afford, and consequently protection from seas 
driven up by those winds. This point is important^ 
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inasmuch as with a long sea-reach having full play 
against a sea-bank which stands broadside to the 
prevailing winds^ it is so continually flogged and bat- 
tered by the waves^ that nothing but an expense dis- 
proportioned to the benefits can sustain the banks. 
It therefore becomes necessary to look carefully to 
this point of shelter, as one of eligibility, and for 
some headland or some rock, some spit of land or 
bank of sand, which may either act as a shelter from 
the winds, or as a breakwater from the heavy seas, 
since the more sheltered and land-locked is the site 
of any intake, the more eligible and secure will be 
its position, the more valuable its property, and the 
less expensive the maintenance of the sea-defences; 
and moreover it is in such situations, as in bays, 
coves, and inlets, that the richest and best diluvial 
and alluvial deposits of soil are most usually found* 

(J.) It is also a point of eligibility that the pro- 
posed intake should have some difference of level, — 
should be somewhat of an inclined plane, and some- 
what varied in surface, into table-lands and channels ; 
so that the waters falling on its surface may have 
free discharge into those lows or fleets which usually 
occupy a considerable portion of the surface of marsh 
lands, without which a good and sufficient drainage 
of the lands for the purposes of cultivation is ex- 
tremely difficult, as a dead flat is apt to retain the 
gurfape water too long for vegetation, ev^n when well 

p5 
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provided with grips^ or surface drains^ to carry it 
off. 

(e.) But though some main channels and deviations 
from dead level are desirable^ it is also good that 
the surface of the intake should not be cut up by 
a multitude of rills and gutters^ which may cause 
great expense^ not only in crossing them by the pro- 
posed embankment^ but also after its completion^ in 
filling up and levelling them for the purpose of cul- 
tivation. It happens gentfrally^ that the higher the 
lands to be embanked^ the more they are intersected 
by rills and creeks^ and this is a common drawback 
on that point of eligibility which relates to height 
above the tide. The lower levels of the shore or 
slobs are^ on the contrary^ almost free from this ob- 
jection^ and when in other respects eligible^ these 
lower levels present tempting subjects of embank- 
ment. 

(/.) Another consideration of no small account is^ 
that the subject affords a good and solid foundation 
for a sea-bank^ such as will bear the weight and 
stand the test of the rudest shocks of the sea^ — such 
as will neither slip nor sink^ nor admit of a dangerous 
degree of soakage^ — such^ in shorty as will sustain the 
bank^ and remain firm under all circumstances^ — to 
insure which trials should be made along the whole 
line of intended embankment; and in case of any 
loose, soft places being discovered, such w oft^n 65iist 



SUBJECT FOR BMBANKING. 83 

in low slobs, they must be carefully filled in with 
sound material before the bank is set thereon. 

{g.) Climate is also a momentous consideration* 
It happens that on the eastern shores of England 
much less rain falls than on the western side or 
mountainous parts of the island, and on these eastern 
shores are the greatest extent of marshes. A dry 
climate renders less necessary the means of drainage, 
whilst a wet climate almost baffles every means of 
drainage that can be adopted upon very low flat lands, 
with but a slight fall- to seaward; hence in climates 
where much wet £alls, as amongst mountains, the 
eligibility of any subject for an intake will be pro- 
portioned to its capability of drainage* Still it must 
be recollected, that this objection only involves the 
question of a greater number of sluices, which are 
no great expense, and may be aided by steam. 

(A.) In a mountainous country, or even such a 
one as presents a considerable slope towards the sea, 
the inland waters may be so copsiderable as to re« 
quire great expense in conducting them to sea, clear 
of the intake, by means of catchwater drains inter- 
cepting those upland waters, and carrying them out 
to sea, independent of the waters of the intake ; viz. 
those of downfall upon it, or springs rising within it : 
hence such intakes as have the smallest quantity of 
upland waters to provide for, are the most eligible 
(subjects. 
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(t.) Tet^ although a due supply of fresh water be one 
of the most essential features of an intake^ and thb 
supply from natural springs rising within it be very de« 
sirable^ still too ndany strong springs risi^ in an intake 
may detract from its eligibility^ by rendering it neces- 
sary to sluice out so much water. Therefore such 
springs should be sought for^ previous to determining 
on the embankment^ and their discharge provided for. 

{L) When vast accumulations of Infertile gravelly 
detritus are brought down by iapid rivers, and depo- 
sited on the site of an intakes-it is a mark of ineligi- 
bility; inasmuch as the courses of those rivers when 
embanked are apt to fill up with gravelly dSbris^ and 
either to overtop or burst the banks, thus causing 
floods at least, if not invasions of fertile lands by a 
covering of infertile soil. The only caution against 
this defect is a wide opening between the river banks ; 
but even this often avails but little, unless the river is 
powerful (enough to cut its way to sea through its own 
deposits, or be assisted by the steam-dredge — a powerful 
machine too little patronized. 



III. OF THE DRAINAGE OF EMBANKED 

LANDS. 

The modes of drainage of an intake have been 
touched upon^ but require further explanation. As 
already mentioned^ the usual dischai^e of the land 
waters to seaward is by sluices placed through the 
bank from the landward to the seaward side. Such 
sluices are most common in Essex^ where they are 
constructed of 2 or 3 inch elm plank^ secured by oak 
land ties^ and piles ; the-run or width of the water-way 
is seldom so much. as 3 feet^ often no more than 18 
inches^ and about 2 feet in height. They have what 
are called tankard-lid doors^ working on a bar with 
rounded ends in a cheek, attached to each side of the 
sea end of the ^^ gutter/' as it is there called ; the lid is 
set a little springing, and if necessary is loaded, and 
sometimes fitted with copper or leather at die edges. 
Three feet is however rather too wide for the tankard- 
lid, and small pointed doors have perhaps answered 
best for such an opening/ The elm timber is found to 
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last a great many years in constant wet^ and its renewal 
is more generally rendered necessary by the sea-worm, 
or ieredoy than by natural decay. Foreign deal is also 
found to answer well when always wet. 

An iron syphon^ carrying the land waters over the 
bank or wall to sea^ was erected at Tollesbury in Essex^ 
but was soon discontinued. 

Iron cylindrical tubes have been adopted^ but it is 
thought not judiciously, unless they are always to run 
full; since, with a small run of water, it is evident that 
the flat base of a parallelogram will carry more water 
l^an the curve of a cylindrical tube, although the circle 
will carry more water than a rectangle having the same 
periphery. 

The best level at which to place a sluice to afford 
the longest run is probably between the mid^tide level 
and the low*water level of neaps, because although the 
run from mid ebb to mid flow is near the maximum of 
six. hours' time of runnings yet in case of there being 
any water in the intake above that Une, its weight will 
push its way for some minutes, perhaps an hour, be- 
fore mid ebb, and for the same time after mid flow, 
making the run seven hours. If placed lower, the 
valve or door of the gutter or sluice would be shut 
sooner by return of tide ; and if plaeed higher, it would 
run Icmger, but take off less of the land water. A flood 
ahdee has been found useful, so placed that it ^all 
1»ke off the first few inches in dept^ of any moire than 
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an ordinary accession of land waters^ the other and 
lower main sluices working out the remainder* 

The position of these sluices must be well out to sea^ 
f • e. with as little impediment as possible and with a 
channel cut from the sluice to low water, not discharge 
ing into side streams which will override and stop 
them whenever a flood takes place, at the very time 
their free discharge is most requisite. But on very flat 
shores some difficulty may exist as to keeping open 
the sluice doors, by reason of silt and shingle thrown 
in by the sea against them, if placed near to low-water 
mark. For this there is no remedy but either continu- 
ing the sluice to seaward, or occasionally clearing it, or 
helping it to clear itself. 

The requisite number of these sluices must be mat- 
ter of experience after the bank is completed, since 
no one can tell what springs may rise in the intake 
after the tide is shut out, nor what quantities of water 
may come from the high lands adjoining, besides what 
foils on the intake itself. A very considerable provision 
must certainly be made for the discharge of these 
waters, and many sluices must be laid down. In 
Essex, where the marshes are flat, but with little water 
from the high lands, one sluice with a 2-feet or 30-inch 
run sufficies for some hundreds of acres ; but on that 
eastern coast there is little rain compared with other 
coasts, and in cases where much rain falls on a flat sur- 
face^ every 100 acr^s will probably require a sJujc^ or 
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gutter with a 30-inch run. It will however be matter 
for consideration, whether one or more large sluices 
with pointed doors, and with an 8 or 10 or more feet 
run at once, will not be preferable to so many small 
sluices. The expense of these large sluices, and also 
their danger from the sea, is against them; but the 
consideration of their stream being powerful enough 
to keep open the channel to sea, and the necessity 
being obviated of incurring the danger of opening the 
bank to put down or repair smaller sluices, — that opera- 
tion requiring great care in ^'ripping'' one side of the 
bank at a time,-^is in their favour. Long days and 
calm weather should be chosen for placing these sluices. 
Some, however, place them at the building of the bank. 
Should all this be insufficient to keep down the waters 
over the intake to the depth of 18 or 24 inches below 
the surface, machine drainage must be employed, and 
this is now so well effected by steam, at an expense of 
between 1«. and Is. 6d» per acre per annum, exclusive 
of first cost of machinery, that in the Fens, to drain 
naturally to some extent, and to finish by the ready 
and certain means of steam, is considered preferable 
to an entire natural drainage with its uncertainties. 
No objection therefore exists to ' steam machinery 
for draining, but its expense, and that is next to 
nothing if the land be fertile, since the increased 
value of produce will be many times its cost. In 
such cases it is probable that every horse -power 



DRAINAGE* 89 

would drain at least 150 to 200 acres^ every available 
natural drainage being employed^ since^ on the aver* 
age of twenty-five steam engines, in the Fens, each 
horse-power drains 125 acres without any natural 
outfall. This steam drainage, wherever requisite, should 
be paid for by the occupiers under an acre tax. 

But the enterprising speculators of the present day 
have proposed embankments where the low water is 10 
to 12 feet deep, it being designed to build a bank and 
to pump out this depth of water from the inside of the 
bank by means of steam machinery. This is proposed 
to be done in imitation of what takes place in Holland, 
where the Polders, as they are called, consist of vast 
lakes laid dry by artificial means, and the rich diluvial 
soil highly cultivated. A very extensive instance of 
this kind of enterprise is now proceeding at Haarlem, 
where 70,000 acres are in the act of being drained by 
steam-power, for the purpose of cultivating its rich 
diluvial soil. But enterprises of this magnitude are 
not within our present contemplation, nor shall we 
attempt to determine whether any differences of 
climate or of soil account for such attempts not 
having hitherto been made in the British Isles, whilst 
they have been profitably made in Holland. We 
may, however, with certainty conclude that neither 
English skill, English enterprise, nor English capital, 
has been deficient. And whether any land can be so 
valuable when obtained^ especially under the present 
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State and prospects of husbandry, as to justify such 
expensive modes of obtaining it, is a question not 
easily solved but by the result of ^^ experience and 
the evidence of facts/' 

But whatever may be the means by which drainage 
can be effected, it will at least be well to obtain as 
much of natural drainage as may conveniently be had, 
not only as the least expensive, but also as the most 
constant and effectual. Sluices, as has been said 
before, are the most simple means of this natural 
drainage, and these will run a shorter or linger time, 
according to the height of their sill above low-water 
level,*— to the degree of ebb of tide,-^and to the height 
of the water standing upon the sill of the sluice. Thus, 
the sills of some sluices laid down have been but 
6 to 12 inches above low*water mark, according as the 
tide ebbs out more or less at springs or neaps, when 
not acted on by winds and otherwise kept up. These 
sluices at the period of a good ebb, and having 12 inches 
of water on their sills, will run four hours. They 
would therefore run dry if the tide ebbed 12 inches 
lower, so that it appears that if the sill of a sluice has 
2 feet fall to low water of springs, it will generally run 
six hours when the tide is not kept up by winds, — and 
when there is much pressure of water on the inside, it 
will run nearly seven or eight hours. But as the waters 
of an intake should never stand less than 18 inches 
below the lowest level of the land, (except where lakes 
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must remain,) and as 6 inches should be allowed for the 
water to stand usually or often in wet times on the siU 
of a sluice, that sill should not be placed at less than 
2 feet below the general level of the land where the 
bank is placed ; and as there ought to be at least 2 feet 
fall from the sill of the sluice to the low water of 
springs, it follows that the line of bank should at its 
foot be at least 4 feet above low-water mark at springs, 
as above stated, and it must depend upon the quan- 
tity of water to be discharged, what number of sluices 
should be put down, and the width of their several runs. 

On this subject of drainage, we may add, that it is ab- 
solutely necessary to construct catchwater drains for the 
purpose of conveying the external waters to a distinct 
and separate outfall, either into adjacent side streams, or 
discharging by drains and sluices distinct from those of 
the waters of an intake itself; for otherwise the high- 
land waters will so suddenly flood the flat surface of 
the intake in wet weather, as to render its drainage too 
difficult to be accomplished in time for vegetation, and 
too expensive to answer the purpose. 

Thus a fivefold mode of general drainage may be 
necessary ; namely, a drainage by catchwater, a drain- 
age by aluicea, and a drainage by steam ; but besides 
these it will be necessary to intersect the surface 
of the intake with cuts conveying the waters to their 
outfall, these dykes being also that kind of water- 
fence called marsh ditches, and also to convey the 
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waters of all low spots into these cuts^ by means of 
surface drains called ^^gripi^^ which should be ramified 
more or less thickly over the whole surface according 
to its flatness, and the drainage of the intake will be 
then complete. 



^1 



IV. OF THE RECLAMATION OF EMBANKED 

LANDS. 

The various modes by which embanked lands may 
best be reclaimed^ and brought into a state of cultiva- 
tion^ Mrill of course depend on many circumstances^ of 
which the nature of the soil will be one of the princi- 
pal, if not the chief consideration. We are therefore 
now to contemplate an intake securely and completely 
embanked, together with sluices of suffiqient capacity 
to take off the water falling or coming from other lands 
on the surface of the intake, and these sluices having a 
sufficient run to seaward, to carry off those waters 
down to 18 inches below the general level of the sur- 
face of the intake, in sufficient time to prevent injury 
to vegetation. These are essential conditions, on which 
alone the work of reclamation can be commenced with 
any hope of success, and these conditions being strictly 
fulfilled, we may proceed to agricultural operations 
according to the nature of the soil, which may be 
classed into clayey^ sandy, and loamy, each of which 
will require a somewhat different treatment in some 
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respects^ though in other matters they may be treated 
in the same manner^ or nearly so ; thus^ for instance^ 
in the first agricultural operation^ — ^viz. that of enabling 
the soil^ which has so lately been supersaturated with 
salt water^ with all its chemical combinations^ to part 
with so much of its saline and other particles as 
may be in excess lor the purpose of vegetation ; 
or, in other words, to freshen the soil sufficiently for 
land plants to thrive upon it : the process will be the 
same upon all these soils, and this process consists in 
forming a series of surface drains, grips, or channels, 
by which the downfisdl and oth^r waters may run off^ 
carrying with them such portion of the saline and 
other particles as they may have been enabled to dis* 
solve, and take up or absorb. 

But such channels and drains are to be made, 
not only with the. view of freshening the soil, but 
also in such tnanner as to answer the ulterior pur- 
poses of fences, and of drains timely to carry off 
the surface waters. 

The fences of an intake are usually marsh ditches 
or dykes^ standing wide and deep enough of water 
or mud to prevent cattle attempting to cross them, 
and an intake seldom admits of any other description 
of fence. Such water-fences and drains must, in 
the first place, be drawn all around the intake, t. e. 
from the sluices by which the water is to escape 
along the land side of the sea-bank or wall, and 
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along the edge of the higher lands of the adjoining, 
country. The proper dimensions of such fences are 
10 feet wide at topj 5 feet wide at bottom^ and 
5 feet deep^ the water always standing 3 feet 6 inches 
in depthi which will be 18 inches below soil; and 
the surface of the water will be then level with 
the sill of the sluice^ or near thereto^ — sincei as 
the sluices will be in the lowest parts^ some water 
will probably always stand on them^ unless the in- 
take be on a dead levels which is not desirable* By 
the same rule^ should any inequalities of level exist 
on the surface of the intake^ the dykes or ditches 
forming the water-fences must be dug accordingly^ 
deeper than 5 feet and wider than 10 feet, so as to 
have nearly the same level of bottom, and the same 
depth of water, throughout the level, as the intake 
will now be denominated. Having surroimded the 
level with these fences and drains, the next operation 
is to divide it into marshes of such convenient size 
as may be judged most judicious; and this size will 
ht partly governed by the soil, clayey soils parting 
with their s»lt most reluctantly, and sandy soils most 
easily. It will also be more strictly governed by 
the size most convenient for occupation in the par* 
ticular locality, and also by the desire to save 
expenses ; but in general sandy marshes may be con-^ 
siderably larger than other soils, and there may even 
be some advantages in leaving the interior of tiie 
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level for some time without subdivision^ since it 
will be by no means wise to hasten the process of 
freshening by any kind of washing or sudden satu- 
ration, but^ on the contrary^ to allow a considerable 
period of time to dapse before any thought of cuU 
tivation is entertained^ and during that period to 
allow the level to remain sodden^ only leading the 
surface waters away gently into the circular dykes 
already described^ so as to prevent any pools of 
stagnant water; and it may be very judicious to fill 
up the nearest of such hollows or "pans/* as they 
are called^ with the stuff out of the circular dyke. 
This soddening, or stagnation of the soil in a watery 
state^ is considerably more applicable to sandy soils^ 
and to such of those as have before embankment 
been covered by every tide, than to clayey soils^ 
and will be quite unnecessary in such high fringes 
or salts as have only been occasionally covered by 
the tide. But the benefits of allowing the soil to 
remain for a length of time under the influence 
of stagnant fresh water are great, since it affords 
time for the decomposition of such animal and vege- 
table matter as the sea may have deposited in it, — 
macerates and dissolves the calcareous, shelly, and 
other such matter, and even reduces the silicious 
matter into a state of subdivision resembling clay; 
and it amalgamates all those heterogeneous particles^ 
takes off their crudities, promotes or prepares them 
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for chemical combination^ and reduces them to a 
state fit for the purposes of fresh-water vegetation. 
But such effects as these are not likely to happen 
by the too powerful action of water that might, and 
probably would, wash away the fertile or fertilizing 
particles, and reduce the soil to a state of infertile 
sheer sand, or sharp sand, and prove most injurious 
to future fertility of the level; we therefore disap- 
prove any attempt at suddenly freshening the soil, 
and consider that even the soddening process re- 
commended should be conducted with great care and 
caution, always gradually, but neither allowing the 
water to remain too copiously nor too long, nor suf- 
fering it to run off too quickly; for this purpose, 
therefore, cuts or channels should be made from the 
lowest spots of the level into the circular dyke, so 
that no water should remain absolutely stagnant if 
it could be got off, but that at the same time it 
should only be drawn off gradually : thus, supposing 
the whole level could be gripped, or channelled from 
the pans to the circular dyke, within the first year 
after shutting out the sea, and this was done only 
12 inches deep, these grips should be allowed to 
remain at that depth a full summer and winter at 
least, before deepening them another 6 inches, bring- 
ing them to the ultimate depth of 18 inches; gradual 
freshening and maceration being essential to future 
fertility, and this requiring a longer time in proper- 

B 
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tion to the quantity of saline matter^ and the crude 
state of that matter^ with reference to vegetation, at 
the period of its embankment. 

Thus we have brought the level into this state; 
viz., it has a marsh dyke or water-fence surround- 
ing it, and very numerous grips throughout its sur- 
face, leading the waters into the marsh dykes to the 
depth of 18 inches below the general surface, but 
ol course lower where elevation of surface occurs. In 
forming the principal grips, care should be taken that 
they be cut in such places as to fall in with, and 
promote, the ulterior design of laying out the level 
into conveniently sized marshes; and it will also be 
proper to consider which way the ridges and furrows 
will lie, in case of these marshes being ploughed, 
and to lay the grips parallel thereto if possible, recol- 
lecting that the nearer the ridges lie to north and 
south the better. 

The depth of the soil, we may now suppose, has 
been somewhat increased by the soil arising from 
the grips being spread about. By this time several 
brackish plants, partly of a maritime, and partly of 
fresh-water nature, will have appeared, and partially 
covered the surface in places: these may be grazed 
to advantage, and as the surface soil freshens, it may 
be harrowed, and Dutch clover and ray grass may 
be sown and rolled in, wherever the absence of other 
plants may allow of them; first, however, bestowing 
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but a small quantity of seed by way of experiment, 
and increasing this as success may encourage from 
time to time. In a period varying from three to 
seven years, according to the tenacity of the soil, 
and its height above the tide, the level will be fit to 
bear corn and pulse. If its surface be coarse and 
uneven, and its soil tenacious and stubborn, or what 
is called marsh clay, it may be judicious to dig it 
over and level it at the same time, preserving how- 
ever the grips already dug; taking in the first 
instance a crop of coleseed (rape), which might ju- 
diciously constitute the first crop, and may either be 
saved for seed or fed ofi*, and be succeeded in either 
case by oats, then beans, and then wheat; but even 
after the digging of such soils, they will require 
much tillage, so as to thoroughly mix and pulverize 
them, and the bean crop should be repeatedly well 
hoed and weeded. With good treatment, however, 
such soils bear heavy crops of wheat and beans in 
succession, and when some degree of exhaustion calls 
for a relaxation of cropping, the course of fallow, 
oats, clover, wheat, beans, will give all the produce 
that can reasonably be expected from any land; 
the crops very commonly grown on good soils of 
this kind being 8 to 10 quarters per acre of oats, 
4 to 6 quarters per acre of wheat, and about the 
same of beans. This produce, however, must not 
be reckoned on as over the whole surface ploughed 
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and sown with these crops; for at least one-eighth 
to one-fifth thereof will consist of '^lows/' "rills/' 
and "pans/* where the clayey soil will be still too 
crude^ too salt^ too wet^ or too stubborn^ to bear 
perhaps any crop^ or at most but one-fourth of what 
is borne by the best parts. This drawback^ together 
with the expenses of cultivating this description of 
land^ soon points out that grass^ not tillage^ is its 
most profitable ultimate destination, and accordingly 
it is found expedient to prepare it for the true and 
legitimate purpose of an intake^ viz. grazing. But 
we must not fall into the error that because this is 
the last, it may also be the first, destination of the 
level, a course of tillage being requisite for a time 
upon all the arffillaceom soila, in order to mix and 
incorporate them, and to pulverize the soil, so as to 
bring it into a fit state for the production of the 
better kinds of grasses; otherwise the coarser will 
predominate, and the value of the ground be much 
deteriorated. The necessity of this course of till- 
age is demonstrated on a piece of silty loam-salts, 
near Fossdyke, in Lincolnshire, which the late Sir 
Joseph Banks, with his habitual consideration for the 
pubUc good, ordered to be left untouched, in the 
state in which the whole intake was when em- 
banked, and after a lapse of nearly thirty years the 
maritime salt plants still remain, and the land plants 
but feebly strive to establish themselves. In pro- 
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portion, therefore, as the course of tillage is perfect 
without being continued to exhaustion, and as the 
levelling and surface draining are well performed, so 
will be the productive value of the grazing marsh 
which succeeds the tillage. Nor are these operations 
suj£cient in stiff clayey soils; such will require to 
have their tenacity subdued or lessened, their work- 
ing rendered easier, and their pulverization or ad- 
mixture of parts more effectual, by the application 
of chalk rubbish, i.e. soft chalk, to the land, after 
the rate of at least ten tumbril cart-loads per acre, 
which will usually cost about ten shillings per cart, 
including carriage. This supply of calcareous matter 
will also act as a manure, and will not only increase 
the quantity of wheat, but also tend much to im- 
prove its quality, to stiffen its straw, so as to 
prevent or check its lodging, and the consequent de- 
terioration of the grain. In these various ways, an 
expense of jB5 per acre thus incurred will soon be 
repaid, whilst its beneficial effects on the soil will 
last at least twenty years even under a succession of 
cropping, but in grass would be permanent. 

The more silicious soils, whether sandy or loamy, 
require less chalk, if any; and as their texture is 
apt to be rather too open than too close, lime is 
often much better adapted to them, if any manure 
be at all needful, since an intake of soils of this kind 
generally abounds with shelly fragments, enough to 
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supply the requisite quantity of calcareous matter. 
It may, however, be well worthy of consideration^ 
whether a supply of lime would not be advantage- 
ous in setting to work that calcareous matter, and 
consolidating the texture of the soil. 

There are several reasons why any course of till- 
age should not continue long upon an intake level, 
one amongst which is, that even under the mis- 
fortune of a breach of bank but little harm ensues 
to grass marshes, provided the tidal waters be again 
excluded within a few months, because the saline 
particles, not being in excess, are rather fertilizing 
than otherwise; but the chief reason is, because the 
irtake cannot advantageously continue many years 
\^ithout suitable farm -buildings, which require a 
great outlay of capital without adequate return, since 
a more profitable appropriation of the land can be 
made without them ; and besides, if the natural 
fertility of these lands is exhausted by a succession 
of com crops, it will be vain to look for their be- 
coming rich grass lands afterwards. The period of 
tillage, therefore, should be limited to such a space 
of time as may be sufficient, according to the nature 
of the soil, to bring it into a fit state for the best 
grasses to grow to perfection. This, on stiff clay lands, 
may be reckoned as 1, oats, — 2, beans, — 3, wheat, — 
4, beans, — 5, wheat, — 6, clean fallow, — 7^ oats; and lay 
this crop down with grass seeds, or what would be 
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better^ either sow it down on the fallow with grass 
seeds, and about half a seeding of coleseed, feeding 
off the same in a dry part of October, or otherwise 
inoculate it with the roots of sward from some good 
grass marshes in the neighbourhood, — a process in 
which a machine is used, constructed for the pur- 
pose of shaking apart, or otherwise separating, the 
grass roots, and then sowing them on the ground 
by hand, and rolling them down, by which means a 
good sward is obtained much sooner than by seeds 
alone, though both should be resorted to. 

But on the good silty loams of an intake, a different 
mode and duration of cropping may be adopted. Upon 
such lands, along the coasts of Norfolk and Lincoln- 
shire, the usual course of cropping is 1, beans, — 2, oats, 
— Sf wheat, and they get better wheat after the oats 
than before, the straw being less bulky and less liable 
to ^^go down.^' But even in the case of such soils, if 
the argillaceous particles are in such abundance as to 
produce an unctuous texture or slipperiness under the 
feet when rather wet, they may judiciously be sub- 
jected to the rotation prescribed for clays, and treated 
similarly. 

There must, however, be a very great difference of 
treatment with regard to those light, loose, sandy soils, 
of which some spots of the intake level will be found 
to consist, when taken from the low slobs of a sandy 
shore which has been covered by every tide. Such 
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loose sands^ if blowing when dry, should be fixed as 
soon as possible by any feedable grass, that can be 
made to grow upon them, until a better sward can be 
produced. On such loose spots the agrostis marilima 
or sea* side fiorin has grown luxuriantly, especially 
when the stolones have been planted in a wet sod of 
bog turf, and that trodden into the sand. The shoots 
from these sets have been extremely vigorous, the cat- 
tle have sought and eaten them with avidity, and the 
treading thus induced has fixed the sand, whilst the 
droppings of the cattle, containing the undigested 
seeds of other grasses, have soon brought up a good 
sward wherever the drainage was sufiicient for its 
establishment. 

In such cases of loose sand, no tillage need to be, or 
perhaps can judiciously be, contemplated. Such soils 
are already sufficiently open to part with their excess of 
saline particles, and are generally sufficiently homoge- 
neous not to require admixture by stirring, unless it be 
by harrows on the surface, to let in the Dutch clover 
seeds that may with propriety be sown thereon, when 
that brought by cattle shall be permanent enough to 
show an aptitude in the soil for that plant. These seeds> 
after being thus sown in moist still weather, should be 
rolled down, and if the soil has been well drained and 
freshened, it is more than probable that a good grazing 
marsh will 'be established, at less expense, and in less 
time, than could be effected by any other means; 



RECLAMATION. 105 

since if the clover thrives, the cattle will lie so con- 
stantly on those spots as to enrich them more than 
any others. 

The cultivation of rape for seed has been much 
relied upon with reference to these newly acquired 
lands, as the first crop thereon ; but it should be recol- 
lected that the price of this seed is much reduced by 
importation ; that such crops on new grounds generally 
come very unequal; that it is a crop very liable to 
injury by frosts on low grounds ; that the climate of 
this country does not admit of any good chance of 
saving any very large breadth of this crop ; that the 
straw is valueless ; and that it occupies the ground for 
two years, although on this latter point there is a 
remedy in a species of rape formerly grown on the Lin- 
colnshire Wolds, which ripened the same year as sown. 
The merits of rape, however, are that it will grow on 
crude and not perfectly prepared land, and costs little 
for seeding, and if the land be clean, is not a bad fore- 
runner of wheat. 

Mustard is another of those crops, which, being 
somewhat more valuable than common corn crops, are 
reckoned on as a means of returning some portion of 
the great outlay incurred upon an intake. The brown 
mustard taints the land worse than any weed, as is 
instanced in Canvey Island, Essex, where it is har- 
vested with the beans, and is sometimes the best crop 
of the two. The white mustard has not the property 

B 5 
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of lying in the land^ but requires a finer tilth and better 
soil than the brown sort^ and an intake would require a 
lapse of time to prepare it for this crop, or for any- 
other of the seed crops usually cultivated as extra valu- 
able on the rich soils of Essex or Kent. 

Woad and other dye plants are also valuable, but 
require so much accommodation of buildings and ma- 
chinery as to be quite inapplicable to the general cir- 
cumstances of an intake. Chicory might do on deep 
sands when quite freshened. 

The benefits of irrigation have been much reckoned 
on with reference to some recent intakes which afford 
a command of water, and as an ultimate means some- 
thing of this kind might be applicable to the higher 
portions of a level. When, however, it is duly con- 
sidered that irrigation is only applicable to cases admit- 
ting of complete and quick drainage, and that the 
greatest difficulty in almost all intakes is timely to get 
rid of superfluous water, it will appear that this mode 
of augmenting value can but seldom be relied on to 
any great extent; nor does the farming system of 
marshes, whether in tillage or grazing, at all assimilate 
to that in which water meadows are valuable auxi- 
liaries. 

To sum up this head of our discourse; the great 
and leading points for the guidance of the adventurer, 
in reclaiming his intake, are the following : 
1. To freshen gradually; 
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2. To drain effectually; 

3. To cultivate perfectly ; 

4. To crop moderately; 

5. To look to grazing ultimately; 

6. To lay down to grass carefully ; 

and in proportion to the perfect accomplishment of 
these points^ will be the value of his land ; u e. it will, 
in the case of neglect or imperfect execution of them, 
become only coarse pasturage for young stock, worth 
from 15«. to 208. per acre rent; or in the case of their 
perfect accomplishment, the lands will come, as near as 
their soil will admit, to those grazing lands of intakes 
in Sussex, which carry a fatting ox of ISO stone (8 lbs.) 
per acre, and were recently worth J83 to J84 rent; or 
to those of Kent, which carry six or eight large sheep 
per acre ; or even to some more favoured spots in Lin- 
colnshire, which used to fat ten sheep per acre to 40 lbs. 
per quarter, clipping 14 lbs. of wool each; or others in 
that county, which carry a large ox per acre and several 
sheep besides ; — ^aU of these instances of vast fertility 
having formerly been covered by the tide, and rescued 
therefrom by enterprise and industry. 

Reverting however to the probability of such exten- 
sive embankments as we are contemplating being 
undertaken by public companies, the process of culture 
could not be worth their attention. If therefore it 
should be thought advisable to put the embanked 
lands under a course of tillage, before laying down to 
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pennanent grass^ it might be done by letting in lots to 
upland farmers who hare adequate buildings^ of course 
with proper stipulations as to preservation of condition^ 
&c« ; and thus a realization of profit might be made at 
an early period after embanking, draining, &c.^ the lat- 
ter of which should by all means be effectuated by the 
proprietors themselyes, although the culture and ulti- 
mate laying down to pasture might be done by their 
tejiants during the period of effecting sales of the em- 
banked lands. 



V. THE EXPENSES ATTENDING AN 

EMBANKMENT. 

The probable expense of these works naturally 
follows a description of them^ and although we have 
already announced that this part of the subject is beset 
with difficulties^ yet we hope to throw such light on it 
as may enable any embanker to see his way with tole- 
rable clearness. 

1st, The expense of collecting the materials for an 
embankment against the sea may be divided into 
several classes of cases^ thus : 

(a.) Those of strong, clayey, tenacious soils, such as 
have been already noticed as occurring on the Essex 
coast, are performed by the floor of 20 feet square and 
1 foot deep, or 400 cubic feet ; but in particular locali- 
ties the floor is 18 feet square, or 324 (or by custom 
320) square feet, and 1 foot deep. 

Generally, in forming or repairing banks with this 
kind of earth, a floor of 400 feet cubic, equal to 15 
cubic yards, can be harrowed at 100 yards distance. 
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and packed upon a bank of about 10 feet in height^ for 
about *Ib. 6d, per floor, planks and barrows included, 
and this is about sixpence per cubic yard. But when 
the distance exceeds that mentioned, and the height 
increases, a considerable increase of price is incurred, 
and this may be calculated after the rate of threepence 
per floor for every 10 yards in distance above 100 
yards, and another threepence for every foot in height 
above 10 feet ; so that a bank 20 feet in height, and 
the material averaging a distance of 150 yards, would 
require to be reckoned on as costing about 7^* 6d^. per 
floor for the first 10 feet in height, and about lO^, for 
the next 10 feet in height; or perhaps sixpence and 
ninepence per cubic yard, respectively. 

At these prices, the men will be able to earn from 
2s. to 28. 6d. and up to Ss. per day, according to 
length of days, weather, time of tides, and their own 
strength and industry. 

When there are rills or channels to cross, the 
work must be reckoned at full Is. per cubic yard, 
to allow for loss of soil, and accidents retarding the 
work. 

In practice, a bank 6 feet high and 26 feet seat, 
containing 60 cubic yards per lineal marsh rod of 
18 feet, cost 258. per rod forward to build, which 
was 5d. per cubic yard, the soil being heavy stiff 

clay. 

Marsh ditches or dykes cut in heavy clay soil. 
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10 feet wide at top^ 4 feet at bottom^ and 5 feet 
deep; are usually done at 5s. per marsh rod of 18 
feet forward, (this being only throwing out, not 
running or packing,) after the rate of about 2d. per 
cubic yard. 

{b.) Sandy and gravelly materials on the spot 
whereon the bank is to be built, may, perhaps, be 
reckoned to cost quite as much to collect into a bank, 
as clayey material; for although sand and gravel are 
more manageable soils, and may be collected with 
carts and horses, and require less care in packing 
than clay, yet a greater loss of such loose material 
will take place by washing away, and even by the 
action of the wind upon sandy particles. So that 
these different soils may be taken as on a par with 
each other, as to the labour requisite in collecting 
them into a bank upon the spot; all other circum- 
stances corresponding. 

(c.) The next class of earth-work constituting the 
cost of embankments, is where the soil of the seat 
or base of the bank is not deemed safe for the pur- 
pose of forming the bank, either by reason of its 
want of cohesiveness, or from the nature of the 
ground being .such as to render its disturbance 
dangerous and imprudent. 

In this case, the expenses of the work will of 
course be greatly enhanced, not only by reason of 
the transport of earthy matter from a distance, but 
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also by reason of having to purchase the material, 
as well as to transport it, and form the bank. There 
are, however, some advantages as a set-off against 
the expense in this alternative, such as the avoid- 
ance of the loss of any part of the valuable ground 
to be embanked: and what is of still more import- 
ance, the avoidance of cutting away the fore shore 
or foreland lying outside the bank, and so deepen- 
ing the water immediately outside the bank, and 
consequently increasing the power of the sea upon 
it. Still the additional cost will seem at first terrific, 
and perhaps more so than it really is, when all the 
advantages are considered; for besides those just 
mentioned, there is the advantage of not losing mate- 
rial thus collected, in anything like the ratio which 
is inevitable where that on the spot is used, — and 
the farther advantage in all cases, over sandy mate- 
rial on the spot, of having ultimately a much more 
safe and substantial bank than any such sandy mate- 
rial would furnish, and probably a consequent saving 
of bulk or stone-work, equal to the additional ex- 
pense of a better, though a more distant material; 
besides which, something may be reckoned for the 
advantage of earth capable of immediately bearing 
fresh-water plants, instead of waiting many months 
before that kind of security can be obtained. 

This matter of expense of earth-work is so im- 
portant in this case, that we have extracted from 
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Brees' * Railway Practice/ (1838,) the pith of evidence 
thereon^ given by the most eminent Engineers of the 
day, in Committees of Parliament. 

It will appear from these extracts that the cost of 
earth-work depends on the natm'e of the soil^ and 
the distance it has to be conveyed, which is called 
^'the lead J' In almost all the instances about to be 
adduced^ the earth was moved by means of waggons 
on tram-roads with horses, and the contractors had 
to strip the sod and vegetable mould, slope and dress 
the banks, and resoil and resod, besides keeping up 
the work for two years. 

1. Evidence of I. K. Brunei, Esq., C.E. (p. 84.) 

On the Great Western Railway one item of the 
original estimate was ^^ Excavations and Embank- 
ments, 9,750,000 yards at Is. per cubic yar^^ 
£ 487,500/' 

"To excavate gravel, which is a tolerable easy soil, 
and carry it a distance of 3 miles, would be very 
cheap at 1^« per cubic yard, which is the price paid 
on the London and Birmingham.^' 

2. J. Locke, Esq., C.E. (p. 85.) 

"The under -contractors merely excavate for 4irf. 
or 5rf. per yard.'' 

"We have let, on the Grand Junction, about 
4,400,000 yards of cutting for about £160,000, or 
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about 9d. per yard^ — the average lead is under a 
mile; the longest. If mile, which is nearly 11^. per 
yard. The extent of the lead, and inclinations of 
the road, regulate the price.'' Thirteen pence per 
yard would be a fair price for 3 miles. 

3. Geo. Stephenson, Esq., C.E. (p. 95.) 

"The price depended on the material we have 
had to cut, and varied from 5d, to 9d.f except at 
Chatmoss, where it is soft. The Company found 
planks, tools, and rails." 

Upon the Newcastle and Carlisle Railway, Gra- 
hamsley and Tredgold contracted for the cutting of 
Cowran Hill at 5d. per yard. They let plenty of 
it to the workmen at 2d, or 3d. per cubic yard, but 
a portion was teamed 1^ mile, which cost 9d., viz. 
Bd. per mile leading and teaming, and Sd. for filling. 

4. H. R. Palmer, Esq., C.E. (p. 100.) 

On the Great Western, found the actual labour 
was performed (in the plastic clay and sand) at ll^d. 
per yard, with a lead of '74 of a mile; the men 
earning 16«. per week. 

5. G. W. Buck, Esq., C.E. 

Measures up and settles for the work. The Wat- 
ford cutting (in gravel and chalk) cost the con* 



COST OF BANK. 115 

tractors 6|£?. per yard in labour^ the lead being 
30 chains; — divided thus^ 



Catting and filling 


. 5d. per yard. 


Teaming f ths of a mile . 


. oj .. 


Repairing roads 


. Oi .. 


Stripping sod and dressing slopes 


. 0} .. 


"The lead" .... 


. Oi .. 


Oiling the waggons 


. oj .. 



6f 
"Add for waggons, harrows, planks^ 
rails, chains, sleepers, and the like 2 

Making . . . 8J per yard. 

But some extras bring it to 9d, per yasd^ and 
^^an embankment with a 3 miles' lead in gravel or 
sand cannot be executed for much less than 1^. per 
cubic yard;'' if in clay, more. 

The whole of the Watford contract was at 1*. 2d. 
per yard; contractor finding everything, — dressing, 
stripping, earthing, and re-sodding, and keeping in 
repair for one year. 

6. Mr. J. Copeland, Contractor, (p. 105.) 

His price for cutting and embanking on the Lei- 
cester and Swannington Railway was 1*. 2d. per 
yard; the average lead about a mile. 

Lets the earth-work in small contracts at about 
B^d* per cubic yard through gravel, chalk, and sand. 
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with a lead of rather better than a mile. Waggons^ 
barrows^ planks^ sleepers^ chains^ keys^ and pins^ 
amount to above 2d. per yard more, — making lO^d,, 
besides wear and tear of machinery, at least l^d. 
more. 

7. H. H. Price, Esq., C.E. (p. 108.) 

Found contracts come under Is. per yard, the lead 
being under 2 miles. 

8. Robert Stephenson, Esq., C.E. (p. 117.) 

**The highest price paid on our line (London and 
Birmingham) for excavation is 1*. 2d., which is clay, 
sand, and marl, with a lead of 1^ mile only. If the 
lead was 3 miles, should make it 1^. 5d.^' 

Mr. Stephenson estimates that when the actual 
labour is done at 9rf., the current expenses bring it 
up to full 14rf. per cubic yard, those expenses being 
incurred for contractor's plant, as waggons, rails, 
sleepers, &c., and for repairing them and the roads, 
compensation for materials, and roads to convey the 
same, timber, sleepers, iron, &c., carriage, wharfage, 
&c., together with interest of money expended during 
the progress of work ; and this he states to be exclu- 
sive of contingencies, such as slips, &c., and of re- 
sodding the surface. 

" Would add 2d. per mile more if the lead should 
increase. The soil is bad, being the upper part of 
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the London clay mixed with alluvia/* He calculates 
that St. George's HiU^ if in clay and sand^ would 
cost 12Jrf. per cubic yard; if clay prevails, more; 
the lead 3 miles. Locomotives would perform the 
lead at l^d, or 2d* per mile; carts and horses, 2d, 
Estimated 111 miles at 12^ millions of cubic yards, 
on London and Birmingham line at 14d. per cubic 
yard. Cowran Hill, on the Newcastle and Carlisle 
Railway, he put at lOd, 

9. C. Vignolles, Esq., C. E. (p. 136.) 

Estimated on Brighton line 11,134,042 cubic yards 
of earth-work at 9 J. per yard, one-third to spoil bank 
(or waste) ; average lead, one mile. 

On the North Union Railway, one of the contracts 
was for ''running into temporary spoil and afterwards 
carrying into ballast,'' 4d. per yard; for waggoning 
220 yards, 6^d. per yard; for 900 yards, B^d, per 
yard; for 1^ mile, llrf. per yard. The average price 
of all the excavations, with the slopes and cuttings 
trimmed, but exclusive of soiling, lO^d.; for soiling 
and re-soiling, Id. super. The work is in clay, and 
the lead from 1 to 1^ mile. In one of the con- 
tracts, where the lead does not exceed half a mile, 
the price is 8rf. per cubic yard; the contractor gets 
it done for 7i^*9 hut he finds waggons, rails, and 
sleepers. In general the value is 9d. in clay, S^d, in 
sand, for the first mile or under ; Sd, more the second 
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mile, 2d. for the third mile; but the general rule is^ 
to add Sd. per yard per mile^ after filling the 
waggons. 

10. Colonel George Henderson^ Royal Engineers, 
(p. 181.) 

Observed the operations about Shapley Heathy 
(Southampton Railway,) for two days; took account 
of men and horses employed, and found the excava- 
tion cost less than 3|rf. per cubic yard; the men 
earning 2s, lOd. per day for filling at Ifrf. per cubic 
yard : horses, 4*. lOd. ; teamers, 28. 6\d. per day, at ^d. 
per yard. Some of the cutting was let at 5d. per 
yard. Mr. Pease gave evidence in the House of 
Lords last year of earth-work done at 4d. and 5rf. per 
yard; has no doubt it was correct. 

11. J. W. Rastrick, Esq., C. E. (p. 197.) 
Estimates earth-work as under: 





Getting. 


Filling. 


Spreading. Total, 


Clay .... 


lid. 


2d. 


Id. 4id. 


Chalk . . . 


Oi 


2i 


1 4 


Sand .... 


oi 


2 


1 3i 


Stone or Marl . 


2 


2 


1 5 


Red Sandstone 


6 


2i 


H 10 



Besides 3d. per yard teaming first half-mile, and 3d. 
per yard every other mile. 
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12. Francis Giles, Esq., C. E. 

On the Southampton line. 

Let 5,000,000 yards at 6rf. per cubic yard: says, 
^^ I shall carry the work through at a fraction above 
6d. at the London end, and less than that price at 
the other end, making about 6d. per yard from end 
to end. I am not paying above 5d. for excavating, 
except in one case, which is at Kingston, where I 
pay 5 id,, the upper part of this hill being stiflF clay, 
but the lower part is milder.^* The Company find 
waggons, tools, horses, and all other materials, and 
stop Id. per yard till they are redeemed at prime 
cost; they then belong to the contractor. Considers 
Colonel Henderson's calculation very nearly correct, 
or say 4d. per yard. Allows the contractor 5d, per 
yard. 

Estimates all expenses of earth-work at 5^^., clay 
and gravel, and 4\d. sand, for 1^ mile lead; half the 
quantity used, the other half moved to spoil banks. 
" I have let the (River) Mole embankment with an 
average lead of 3^ miles for 6d.^' Averaged earth-work 
on Great Western 7id., and Carlisle at Jd. One 
contractor failed at 6d., but his assignees carried it on 
and paid his debts out of the profits. 

He estimates the cost of earth-work per cubic yard, 
as under, for 1^ mile lead: 



120 COST OF BANK. 

For day and 

grayeL Sand. 
WaggODS 0} 0^ 

Horse-draft and boy . • . j- 0} 

Men, horses, &c. getting in and 

out of work . . . • J Oi 

Getting and filling • . . 2^ 1|- 

Teaming OJ 0| 

Trimming banks . . • • 0|r 0^ 
Laying and keeping up roads, oil, 

boy, and drains, on a large scale 

of work 0|^ 0^ 

Clay and gravel half moved, 1^ mile, 6\d, 
Sand the other half to be used . 4|- 

Making . . 1 1 
Miean . • 5^ 

Locomotive 2d, per cubic yard. 

13. W. C. Mylne, Esq., C. E., &c. (p. 227.) 

Approves Mr. Giles's prices. Earth-work contract 
at Shapley Hill was at 6d,y but found the work doing 
at 3|6f.; fillers earning 3^. and teamers 28. 6d. per day; 
the lead 830 yards. ^^Four men can fill and wheel 60 
cubic yards of clay a distance of 20 yards per day for 
14s.y which allows each Ss, 6d. per day, and averages 
2id,f say Sd. per yard, and allow Id. more for each 
additional 30 yardsJ* A contractor had lOd. for deep- 
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ening the Cam^ and stopped; another did it for 6d.^ 
and paid the debts with the 4d. profits Sandys Cuty 
near Littleport, cost 2d. getting, filling, and wheeling 
peat, — 3rf, for heavy silt; the men earned 3«. 6d. per 
day. 

These, however, are the prices for soft-digging earth, 
since stone, even when not under the conditions of 
hard rock, will cost 2$. Sd. to 3*. per cubic yard, to 
get and convey the same distance. 

Upon a very careful analysis of these estimates of 
earth-work, we find the first nine to take a higher 
ground of calculation than the other four, the latter 
being somewhat in opposition to the former. The 
whole give the following results ; viz., of the first nine 
evidences, there are 

10 estimates including implements, that is, waggons, 

rails, &c., &c. ; average lead 2} miles at I4d. per 

cubic yard, and 

14 estimates are, without implements, at lOd. per 

cubic yard for a lead of 1^ mile: adding the 

additional mile lead and the implements would 

bring these to about the same, — I4d, per cubic 

yard. 

The other four estimates authorize a statement of 

1 3 instances giving an average lead of 2 miles, and a 

price of only 7i^- per cubic yard. The average of 

the two sets of evidence would be about lid, per cubic 

yard for 2^ miles lead. Several of the engineers also 

p 
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agree that Sd. the first mile (some say^ half-mile)^ and 
3J. per mile afterwards^ is the fair calculation^ and 
this would bring it to 9d, per yard for 2^ miles^ which 
is about the distance the materials will have to be 
carried for an intake of 1000 acres^ — ^namely^ nearly a 
mile from tl|^ shore on each side, and about the same 
to the gap left for shutting up. This, however, is the 
full, not the average distance, and as this lower scale 
of prices above-mentioned is the result of practice, we 
should be justified in taking 9d* per cubic yard in 
satisfaction of all these considerations; but we may, 
however, under all the circumstances, and considering 
that some allowance is to be made for tide-work and 
night-work, for bad weather on the coast, loss of 
materials, and for a much smaller scale of work than 
railways, feel quite on the safe side in charging the 
sea-bank with 1^. per cubic yard for all the materials 
brought from a distance. 

. Taking the foregoing particulars as data for the 
earth-work of the bank proposed in the diagram a, and 
taking that bank to have a sectional area of 60 cubic 
yards per yard linear of the bank, and supposing that 
a portion of this bank, say one-third, is raised upon 
the spot at 6d, per eubic yard, and the rest has to be 
brought from a distance at 1^., an average of \0d. is 
given ; but still for safety adhering to Is, for the whole, 
we have a sum of £ 5280 per mile, viz. £ 1 per foot 
linear. 
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But the bank of the diagram a is one of the very 
largest dimensions which is likely to occur^ not only 
throughout the whole line of an intake^ but to occur 
at all^ since it pre-supposes the tide to rise to the 
height of 14 feet at ordinary springs^ viz., 4 feet up to 
and 10 feet on the bank^ and occasionally to 19 feet^ 
exclusive of the swash. 

A more probable height of extreme tide in most 
cases would be 16 feet; and then the main bank 
would be 8 feet high^ and the. outburst bank 4 feet 
more^ with a swash bank of 2 feet more. Such a 
bank would contain about 40 cubic yards per yard 
lineal, and the cost per mile would be about £3520. 

But upon a considerable portion of every intake, 
and probably on the greater number of intakes, 
generally the tide will not flow more than 10 feet 
at ordinary springs, in which case the main bank 
will not be more than 6 feet in height, and the 
outburst and swash banks 4 feet more. In such 
cases the bank will contain but about 20 cubic 
yards of material to every yard lineal, and will cost 
only about £l760 per mile, or even less, since the 
distance and height being diminished, the cost of 
collecting the material is lessened. 

In like manner, as the ground rises, or the bank 
joins the uplands, its dimensions will decrease, and 
its cost come down to, say, j£l000 per mile. 

Every line of embankment may fairly be supposed 
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to contain a certain proportion of each of these 
heights of bank; thus^ in crossing channels, the 
largest bank may be required to a certain extent^ 
say, one-eighth of the whole distance. The second 
class of bank may prevail over the general level of 
the line, but ridges and banks will probably occupy 
some portion of it, and these may respectively be 
taken *at one-half and one-quarter of the distance, 
whilst the approaches to the shore, being over the 
high skirts and fringes, can hardly occupy less than 
one-eighth of the line. We shilll take their pro* 
portions as below, namely; 

i bank, being 17J feet high, at ^5280 per mile. 
\ bank, being 14 feet high, at • 3520 
^ bank, being 10 feet high, at .1760 
^ height of bank, being much less, 

at 1000 „ 

We may thus take the average cost per mile, for the 
sake of even numbers, at about £ 3000 for the earth- 
work only, or bulk of the bank, including also the 
gravel at sea foot. 

2nd. The expense of the facing of the bank comes 
next under consideration, and this must depend upon 
the distance which the stone for that purpose has 
to be brought, and the price at which it has to be 
bought. 

In cases where pitching has been thought neces- 



»» 



>» 
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sary^ and that 18 inches deep, the cost of it has 
been valued by eminent persons at 2s. per square 
yard, the stone having to be brought some miles: 
this was mica slate, and being set edgeways, had 
disintegrated and become firm by the interstices 
filling up. And on most occasions two shillings per 
square yard is more than abundant for the cost of 
stone-facing a sea-bank. In cases where the stone 
is within reach of the tram-roads, the rationale will 
be thus : 

A cubic yard of stone may generally be won, and 
trammed between 1 and 2 miles, for Is, 6d, to 2s. 
per cubic yard. Two men will place about 6 square 
yards of this material, from 15 to 18 inches deep, 
in a day, and their wages will be, say 49, The 
account therefore will stand thus: 

s, d. 
Stone, laid 15 to 18 inches deep, say 3 

cubic yards^ at is, 9d, per yard . 5 3 
Labour to 6 square yards • . .40 



9 3 
per square yard • .16^ 

but as the full 18 inches in depth will not be re- 
quired, and in many instances stone will be got 
near to the bank at a lower rate per cubic yard, we 
may safely take it at 2s, per square yard; so that 
taking the quantity shown in the diagram at 7 yards 
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superficial; for every yard linear, the cost will be at 
2s. per yard JS1232 per mile, or less^ for the first 
class of bank. If therefore we say £1250, JglOOO^ 
and j£750 for these classes, or £1000 per mile on 
the average of cases and the meditun class of bank^ 
we shaU be far within the safe side of expense, 
which in all these cases is desirable. 

These are the chief features of cost in the con- 
struction of sea-banks, and although there are other 
incidental costs which will inevitably swell the total 
amount, yet having already accounted strictly for. the 
cost of these two principal features, the work may, 
on the large scale, usually be done so much beneath 
these estimates as to cover all the incidental ex- 
penses attending it. Still there will be but a proper 
degree of prudence in allowing a per-centage on the 
whole for unforeseen contingent expenses; and in 
such a case as sea-banking, 10 per cent, will lunply 
cover every expense not already mentioned, for put- 
ting it into a condition to sustain itself against the 
fiercest attacks of the ocean. 

It must however be remarked that this estimate 
contemplates embanking on a large scale and in ex- 
posed situations, whilst there are other cases where 
embanking may be highly desirable, although the 
ground to be gained may be dt more limited breadth 
and extent. In all such cases, as well as those of 
a larger extent, the quantity of materials and labour. 
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and consequently the amount of expense^ will be in 
proportion to the depth of water and the degree of 
exposure^ together with the eligibility of the ma^ 
terials on the spot. It is, however, highly probable 
that in proporti6n t6 the' neai^ approach of any em* 
bankment to the land, or, what is often the same 
thing, its absence from great exposure, so will the 
cost of embankment be diminished as its bulk and 
expense of stone facing diminishes, as well as the 
contingent expenses thereof. In which case it is 
probable that the aereable expense of the embank- 
ment may remain the same as when on a larger 
scale: and in most of such minor cases of those 
firinges being eikibanked, there is a vicinity of ma- 
terials and other local advantages, which would render 
one shilling per cubic yard a safe estimate of the 
probable expense of any such bank, including iU 
stone facing. 

3rd. The cost of drainage will vary much accord- 
ing to the peculiar circumstances of the case; but 
the process of making catchwater drains to intercept 
the high-land waters, — of forming the circular drain or 
delph leading to the sluices, — of laying down the 
sluices themselves, — and of cutting the necessary cir- 
cular or exterior main drains to convey the waters 
fix>m the surface, cannot be estimated in favourable 
cases at less than the following detail, as applied to 
an intake of 1000 acres, viz. 
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4 slaices, of 3 feet ran each, ^150 each, say 
Steam-power, say » . • , 
600 rods of catchwater drams, at 5«. • 
3^ miles of circular drain and fence, at 4« 

per rod • « • , • 
Gripping at l^d. or 2d, per rod, say • 

Total on 1000 acres . 



^600 
500 
150 

250 
500 

^2000 



4th, Thus making the whole cost of recovering 
the lands from the sea as under^ viz. 

Cost of 3| miles of bank . • • ^15,750 
Cost of drainage . . • • • . 2,000 
Add contingencies, cost of management, 

&c., say ••••,« 2,250 



Making . £ 20,000 
as the price of 1000 acres ready for culture. 



VI. THE BENEFITS LIKELY TO RESULT FROM 

EMBANKING LANDS. 

The benefits and advantages which may reasonably 
be expected from the embankment of lands against 
the sea, will evidently appear, from the foregoing ob-' 
servations, to be dependent on many circumstances; 
the chief of which will be the acreable expense of 
the embankment, and of the subsequent drainage of 
the land, combined with the natural fertility of the 
soil itself. 

In our inquiries into such returns, the first question 
is, what would be the probable value of the land em- 
banked, if drained in the manner already stated ? To 
which it may be replied, that the soil of an intake is 
usually of so fertile a nature, so firesh, and so capable of 
bearing valuable crops of com and grass without ma- 
nure, that in any kind of convenient locality, there has 
never been any difficulty in realizing from £30 to £50 
per acre, at the moment of the embankment and gene- 
ral drainage being completed ; and we shall quote here- 
after, amongst examples of embankments, an instance 
of part of an intake readily fetching j£40 per acre at 

f5 
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the moment of the sea being, shut out, viz. No. 1 of the 
examples quoted in section IX. 

The full difference of this cost and this value will be 
enjoyed in cases where the embankment is made by the 
parties whose lands adjoin the shores, and in whom is 
vested the adjoining frontage to seaward. When any 
one such frontager has the opportunity to make an em- 
bankment, or when an intake can be made by the joint 
efforts and co-operation of two or more such parties, 
the advantages to them are considerably greater than 
to any stranger, inasmuch as such lands, when well 
reclaimed subsequently to embankment, become very 
useful auxiliaries to the uplands of the same estates, by 
often enabling a farmer to put his stock into the best 
condition for market, instead of being under the neoes-* 
sity of selling them to a great disadvantage, from being 
unable to forward them to the profitable point whether 
of fatness or of age and growth. This is a matter of so 
much importance to a farmer, that in the Wealden, 
marshes are hired by them for this purpose, at 20 to 50 
miles distance, i. e. in either Bomney or Pevensey 
Levels. When therdTore such marshes can be sup- 
plied in the same parish, or perhaps adjoining the same 
farm, the convenience is such as to add to the value of 
the whole estate, over and above the intrinsic value of 
the marshes themselves, which are gained from the sea. 
Hence, an adjoining proprietor can afford to gain these 
marshes at a greater expense per acre than the specu- 
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lation of a stranger would render prudent^ and the 
more especially as he escapes all those parliamentary 
expenses, head rents, and other drawbacks to which 
the stranger is subject. It may, therefore, be extremely 
well worth while for an adjoining proprietor to make 
an intake of his sea frontage, under circumstances of a 
much less favourable nature than a mere speculator; 
thus he could prudently etnbank a lesser breadth of 
shore than the speculator would find worth his atten- 
tion, and he could afford to incur a greater expense per 
acre than the speculator could prudently venture. In 
general, however, it is only the fronti^e pasturable 
verges that have been thus embanked by proprietors, 
and it is to be lamented that in many, if not most 
cases, it has been deemed a sufficient exertion of enter- 
prise to shut out the sea, whilst the subsequent recla- 
mation has been either entirely n^lected, or performed 
in so slovenly a manner, that the marshes thus gained 
still present a rough uneven surface, a large portion of 
which is occupied with those "lows,*' ^^pans,'* or 
'^hollows,^^ which bear but a scanty herbage of the 
coarse aquatic grasses, of so little value, that 15«. to 
208» per acre, tithe-free, has been the rental even when 
the soil and other circumstances might have commanded 
double that amount, with greater advantages to the 
occupier, if those foregoing detailed processes of recla- 
mation had been duly attended to. In the latter case, 
marshes in Lincolnshire are recorded by Arthur Young 
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as carrying a large ox and several sheep per acre. 
Around Wisbeach 18 acres of grass marsh for many 
years fatted off 200 of the old large Lincoln sheep to 
40 lbs. a quarter^ each clipping 14 lbs. of long wool. 
In Pevensey Levels in Sussex, an acre commonly fats 
off an ox of 120 to 130 stone (8 lbs.)} and carries seve- 
ral store sheep besides ; and in Romney Marsh, six to 
eight large sheep per acre are a common stock. 

The processes of reclaiming which more immediately 
appertain to the proprietor, as distinct from farming 
operations, are, 1. cutting the interior marsh dykes to 
divide the intake into convenient marshes ; 2. placing 
gates and side-rails to those marshes ; and 3. making 
the requisite occupation roads, — and these he can pro- 
bably agree with a tenant to get done under a system 
of reasonable allowances. 

These results are, however, subject to all those 
drawbacks to which speculators must be liable, in 
order to gain a footing on any shore, viz. the expense 
of Acts of Parliament — the shares of proprietors of ad- 
joining lands — and the rents reserved upon the lands 
embanked. These will lead, under another head of 
this discourse, to the consideration of those expenses, 
impediments, ^^ lets and hindrances,^^ which do or may 
occur to speculators upon an intake, with the fair 
means of meeting them. 
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VII. THE OBSTACLES TO EMBANKING LANDS 

FROM THE SEA. 

Those preliminary costs and impediments which 
adventurers in the embankment of lands from the sea 
have most usually to encounter^ previously to their 
being enabled to commence their operations^ or to reap 
the fruits of them, have in their general nature and 
amount been already touched upon, and may now be 
mentioned somewhat more in detail, under the follow^ 
ing heads; viz. 

(a.) Parliamentary escpensea. — In almost all cases 
where the embankment of a large space or extent of 
sea frontage is contemplated, several frontagers, or ad* 
joining proprietors, will have to concur in the measure. 
The endeavour to bring about the unanimous concur* 
rence of many persons to any one common measure is 
so seldom attended with success, as to be almost hope- 
less, — and its success, if ever happening, may be consi- 
dered rather a piece of good luck, than the result of 
management, the reward of address, or even the natu* 
ral effects of a fair view of his own interests, taken by 
each individual concerned. Besides, it rarely happens 
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that all the parties whose concurrence is requisite are 
in a position to give such consents as may be legally 
binding on their successors, so that it becomes, in so 
many cases, absolutely necessary to resort to legislative 
sanction, that prudent persons will lose no time in 
applying to Parliament, as soon as they have obtdned 
sufficient consents, in number, of the parties concerned, 
and a sufficient proportion in value, to enable a Parlia- 
mentary Committee to entertain the Bill ; and a Com- 
mittee of the House of Commons is now so well con- 
stituted as to a£ford one of the most patient and im- 
partial tribunals that can be desired, for the purpose 
of deciding between projectors on the one hand, and 
objectors on the other. We have witnessed this fact 
on several late occasions, including one, on which fif- 
teen gentlemen gave, for thirty-three days, the most 
unremitting attention to a project for the better drain- 
age of about 140,000 acres of lowlands, which project 
was promoted on one side by a host of engineers 
and other witnesses, and opposed on the other side by 
an equal host of engineers and other witnesses. And 
this is mentioned, though somewhat irrelevant to the 
case before us, in order to reconcile every party to a 
tribunal which, in such cases, appears to be almost as 
good as human institutions admit. Such a Committee 
may be taken, as in general, favourably biassed towards 
the party who proposes to employ capital in any great 
and important improvement on the face of the country^ 
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whilst they hear and weigh every objection that can be 
made to the proposed measures^ and are careful to 
secure the ways and means of carrying those measures 
into effect, and also to impose upon the adventurers all 
reasonable conditions for satisfying the interest of 
other parties, who may be affected by those measures. 
This being the case, the general regulations which are 
to bind all parties concerned in a legal point of view, 
cannot be better arranged than by an Act of Parlia* 
ment, which is generally first drawn and concocted by 
acute and r^ht-minded men acquainted with legislative 
language, forms, and usages, and subsequently delibe- 
rated upon, clause by clause, as soon as the Committees 
of both Houses are satisfied that the allegations of 
necessity or benefit to the promoters are proved to 
their satisfaction, under the name of /Ae Preamble to 
the BiU. 

The provisions of such a Bill will have for their 
object, on the one hand, to secure the public, the 
frontagers, and all other parties, in a continuance of 
enjoyment of all their property rights, privileges, 
and conveniences, or a compensation for the loss of 
them. And, on the other hand, to secure to the 
undertakers the fullest means of carrying their pro- 
ject into effect, and the fullest enjoyment of it when, 
effected. 

But all these advantages cannot be obtained without 
a considerable expense, which will fall upon the adven- 
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turers, — and this will be greater or less^ in proportion to 
the degree of opposition that is made to the measure 
in its progress through Parliament. It behoves, there- 
fore, the promoters of such a Bill to disarm opposition, 
as much as possible, before the Bill comes into Parlia* 
menty hj every fair and reasonable concession to, and 
compliance with, the wishes of interested parties ; and 
this is good policy on another ground, viz. that of less* 
ening the chance of defeat, by predisposing the Parlia-^ 
mentary Committee in their favour. But even at the 
best a contested Bill must be a matter of some cost, 
which might be avoided or lessened by previous con* 
sents. 

{d.) One-tenth of t?ie land embanked has been men* 
tioned as the probable expectation of the frontager, in 
consequence of that proportion having been given in 
some considerable cases of this kind, and this over and 
above such pasturable verges or grassy fringes as have 
abeady been subject to acts of ownership and occupa- 
tion on the part of the frontager; and these reservations 
sometimes form so great a drawback upon the probable 
profits and advantages of the speculation, as to deter 
from the attempt all except such enthusiastic persons 
as view the prospect of advantages through so magni- 
fying a medium, as ,to exhibit prospects of a golden 
harvest after many and great diminutions. 

But one-tenth is, really and truly, a larger deduction 
than almost any intake will allow, so as to leave 
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Temaining to the adventurers a sufficient chance of 
adequate remuneration for their enterprise. 

Still; the frontager must be compensated^ since he 
loses several conveniences and ^^ easements/^ as the 
law has it, of some value ; such as the feedage of the 
pasturable verges or " skirts/^ which to him are in the 
nature of a " shift ^' for his sheep, young cattle, and 
horses: he loses also something from having the sea 
further removed from his upland, and if he gets manure 
from the shore, the embankment will be some hin- 
drance, and he loses the opportunity of making the 
same specidation as the adventurers. There are some 
cases analogous to that of these frontagers, viz. that of 
the Lord of a manor when the waste or common of 
the manor is about to be enclosed, of which he usually 
gets from one-twelfth to one-sixteenth, in respect of 
his manorial rights, — viz. his absolute right to the soil 
and a portion of the herbage, and his right, by custom^ 
of granting portions of the soil to copyhold tenants, 
subject to small quit-rents, and a fine on death or 
alienation, which often goes to the extent of two years* 
value on death of the copyhold tenant, and a year and 
a half's value on his alienation. 

The Lord has also a right to all the timber growing on 
the waste, and a legal right to all the timber growing 
on the copyholders' lands, but this latter is generally 
commuted by custom to one-third of the timber. This 
is the position of the Lord of a manor, and in case of 
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an enclosure, he is in the enjoyment of actual propertjr 
to a greater amount than any frontager to seaward, 
where slobs or mud-banks have been covered by every 
tide. The actual share of waste lands allotted to a 
Lord in such cases is seldom more than a sixteenth, 
but is sometimes a twelfth, and in some cases may be 
only one-twentieth. 

Then, again, in the cases of mines or quarries, the 
royalty, seignorage, or groundage varies according to 
circumstances, from one-eighth to one-twelfth, one-six- 
teenth, or one twenty-fourth; and it may indeed be 
stated generaUy, that where valuable but dormant pro«- 
perty belongs to one p^rty who is either unable or 
unwilling to encounter the expense and risk of render^ 
ing it available, the possessor of that property usually 
receives, from any other party who is able and willing 
to work it, a share of the proceeds, of which one-eighth 
to one-twelfth seems to be the maximum, and one-six* 
teenth to one twenty-fourth the minimum, fluctuating 
according to circumstances between those proportions, 
and affording a fair medium, say one-fifteenik, as the 
fair share of an intake to be rendered to the frontager, 
in lieu of his present rights in and over such slobs, &c. 
as have been covered by every tide. And the frontager 
ought to reflect, that although the embanked marshes 
may belong to others, their existence in the vicinity of 
his upland farms will enable his tenants to hire them 
to the great advantage of his property, as before ex- 
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plained^ with reference to the occupation of marshes 
attached to uplands^ and of marshes hired by upland 
farmers^ though at great distances. 

As to the pasturable fringes^ it would be very disad- 
vantageous for any adventurer to lose them^ since the 
great disadvantage of the kind of property created by 
an embankment is the uniformity of its nature and the 
absence of that change of soil^ of aspect, of herbage, of 
crop, and of all local circumstances, which is found so 
congenial to all kinds of stock, and so requisite to the 
successful operations of farming in all its branches. 
This change is expressed amongst farmers by the word 
^^ shift,'^ a term denoting the power of change, which is 
reckoned important as applied to pasturage, — thus, for 
instance, cows after feeding all the summer on the 
higher grounds, called leasows or leazes in the dairy 
counties, are brought with peculiar advantage in 
autumn to the rowens or after-grass of the low 
meadows which have been mown for hay. 

Now the only alleviation of this disadvantage of an 
intake is. to be found in the higher levels of land^ 
which constitute these fringes, or pasturable veiges 
along the highland edge, which on the eastern coasts 
of England are called salts or saltings ; but on some 
portions of this coast, and more generally on others, 
these verges consist of shingly or sandy dunes, or 
downs, which are very seldom covered by the tide even 
at outbursts, and such spots not only afford the only 
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approximation to what is called a shifty but they also 
afford the only safe and secure, as well as healthy 
place of habitation, . and for the folding of cattle for 
shelter. 

These verges, therefore, ought by all means to form 
part of the intake, and cannot without great loss to 
the adventurers be dispensed with. So that the Bill 
or Act of Drainage and Embankment ought to include 
the frontager's verges up to the present sea-defences, 
if he has any, and if not, up to the high-water 
mark. 

It ought, however, to be recollected that the fron- 
tager will be relieved from all future expense of sea- 
defences, and of all the damages which the sea may 
possibly occasion to his property, and on that consider- 
ation he should in fairness class his verdant frontages 
with the other lands to be embanked. 

(c.) It may not, however, be so convenient to a 
frontager to have an allotment of one-fifteenth of the 
land to be embanked from the sea, as to have a money 
rent reserved on the whole of the land gained in lieu 
of such allotment, and it then becomes a question what 
this rent ought to be per acre. Now, assuming one* 
fifteenth to be the fair proportion of land to be rendered, 
the value of that land, when embanked^ and before any of 
the operations of drainage or reclamation have com- 
menced, is the problem to be solved ; and taking this 
on the average at £35 per acre, it gives £2. 68. 6d. per 
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acre as the fifteenth, say Is. Sd, per acre per annum, 
over all the land to be embanked, which really appears 
to be a fair remiineration of the rights of the frontager, 
and as high a chief rent as the adventurer can well 
afford or the frontager ought to expect, seeing that 
many other advantages will accrue to him from the 
embankment and drainage about to be accomplished. 

(rf.) The parliamentary costs of such speculations 
as are under consideration have already been adverted 
to, — ^but besides these, the professional and personal 
expenses attending the various treaties and agree- 
ments with individuals and corporate parties interested, 
— ^the levels, sections, plans, and reports, that would be 
requisite from engineers, — the journeys, — the employ- 
ment of many agents, and all the various contingent 
expenses that will inevitably occur, must amount in 
the aggregate to a considerable sum: but as larger 
quantities would be the most likely to become the 
subject of Acts of Parliament, this head of expense 
per acre would be lessened as the quantity increased. 

{e,) We must next consider the expense of works 
not exactly appertaining to the embankment, drainage, 
or reclaiming, and though not entirely without use 
for those purposes, yet chiefly rendered necessary for 
the convenience of adjoining proprietors; — ^viz. roads 
required for the continuance of the communication 
which they have heretofore enjoyed,— drains required 
to carry off waters from their uplands, —and the con- 
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tinuance of those sea^easements^ such as the nayigatiozm 
of creeks and rivers^ and the like, to which they may 
have been accustomed, so far as may be compatible 
with the grand objects of the embankment. Such 
works as these cannot fail to incur a considerable 
expense, especially if the intake be on a large scale^ 
and, like the preceding head of cost, these expenses 
will be more or less per acre, according to the 
number of acres embanked. 

{/,) Thus in estimating the probable benefits de- 
rivable from an intake on. one hand, and '^ counting 
its cost'^ on the other hand, we may probably take 
the following statement as the result of good manage- 
ment in such cases, attended by such a share of good 
fortune as might reasonably be expected, viz. 

Value of 1000 acres embanked and drained £ 40,000 
Cost of embanking and draining £20,000 

of Is, 6d. per acre for xV^b 1,500 

of occupation roads, gates, 

&c. &c 1,500 

of Parliamentary, Profes- 
sional, &c. . . . 1,000 

- of extra works, &c. . • 1,000 



25,000 



At £ 40 per acre, profit . . . 15,000 
At £ 35 per acre, profit . . . 10,000 
At £ 30 per acre, profit • • . 5,000 
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being made whilst the speculation was rife^ and the 
parties inclined to adventure their capital. 

(b,) Such an offer would best be made through the 
medium of a draft of the Bill proposed to be brought 
into Parliament for effectuating the intention of the 
parties, showing at once in a clear and candid manner 
the terms proposed, as affecting all the parties in- 
terested ; and appended to such a draft a lithographed 
map or plan of the ground proposed to be embanked, 
—of the line of embankment, — a section of the bank 
intended, and a plan of all the adjacent rivers and 
streams and other features of the country, — the roads 
intended to be carried out, and the drainage to be 
made or continued, together with an engineer's report, 
specifying the data on which the proposed works are 
founded, particularly the rise of the highest tides and 
of the greatest outbursts. It is indeed matter of 
regret, that engineers of late years have dropped that 
very satisfactory mode, which was adopted by Smeaton, 
of giving the chief local data on which their plans are 
founded. 

It is true that many if not niost persons would 
deem it matter of policy to raise high, but vague 
and indefinite expectations at first, and to clothe the 
whole matter with a mysterious cloud, under which 
they might expect to obtain advantageous terms, 
and to prevent the true interests of other parties 
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from being clearly seen or insisted on. Buck policy, 
however, invariably turns out to be bad policy; it 
induces suspicious notions in the other parties, and 
causes them to be always on the watch and never 
thoroughly satisfied; and thus creates expense and 
delay, and lays the foundation of never-ending litiga* 
tion. We therefore entirely deprecate such policy, 
and advocate a candid, open, and fair statement of 
the project, — of the means by which it is intended 
to be effected, and the manner in which it is pro- 
posed to deal with all the existing interests. Such 
a statement, together with a draft of the proposed 
Bill, being sent to every individual whose consent 
is requisite, inviting his remarks thereon, private 
conferences would take place, and long before any 
public meeting, (if such meeting should be at all 
necessary, and if not, it should be avoided,) or before 
the Bill was brought into Parliament, the promoters 
of the measure would be in possession of the sen- 
timents of those concerned, and be enabled to judge 
as to what amendments were desired, and which of 
them it would be expedient to adopt, or whether the 
objections of opposers were so strong as to render 
it pendent to withdraw the Bill either altogether, or 
till " a more convenient season ; '^ and, on the other 
hand, they would be enabled to estimate the nature 
and degree of opposition they would have to encounter, 
and the probability of carrying the Bill against that 
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opposkion.. Such lan Op0n and candid mode of pnn 
eeeding in the first instance would be most advan* 
tageous tq the cause of the promoters, and this mode 
would dispose the frontagers and others to give bett^ 
terms, to accept lower omipensations, and be content 
with less ^expensive accommodations, and finally to 
become well-wishers to, instead of opposers of, the 
work* This candour would also have a very im- 
portant effect before a Committee of Parliament, and 
create a prestige much in favour of iite promoters^ 
which they would find to their infinite advantage. 



Vni. OF THE PAETIES TO AN EMBANKMENT.; 
THEIR RIGHTS AND DUTIES. / 

Such a mode of proceeding as we have thus pro- 
posed presupposes the existence of very clear and well- 
defined notions on the part of the promoters of what 
aire the actual rights of all the parties concerned^ and 
how they ought to be provided for; a species of know- 
ledge neither very general nor easily acquired amidst 
lihe warmdi and seal attending projects^ and therefore 
some inyestigation of it in this place may be usefuL 

Ist^ T%e rights of the jmi^ are involved in all such 
projects by reason of the propriety and necessity of 
ccmtinuing to them the conveniences and accom- 
modations which they have hitbeito enjoyed; vis. of 
roads to the sea-side, navigation of the sea and of the 
rivers, and that general species of drainage which such 
rivers, togetiber with the smaller brooks and streams,. 
may have hiAerto afforded. 

With these views, therefore, all pubUc roads should- 
be continued across the embanked lands to the sea; — 
amd this according to certain dimensions and certain 
rules as to quantity and disposition of materials, and 
under certain arrangements for draimige.and for future 
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maintenance^ — ^all of which should be clearly expressed 
in specifications, eidier referred to by the Act or an- 
nexed by way of Schedule thereto; and the lines of 
such roads should be laid down on the parliamentary 
plans, the detail of execution being left to be deter* 
mined by. Commissioners named in the Act, after the 
manner of Inclosure Acts, or by some public officer 
to be named in the Act. 

As to rivers also, the avoidance of any obstructions 
to their discharge into the sea should be secured by 
their embankment on each side across the slobs or 
shores to be gained, and the lines of these banks 
should be laid down on the parliamentary plan with an 
ample degree of divergence, so that the river waters 
may have a due space for their outfall and escape to 
seaward. The height and dimensions of fhese banks 
should also be specified and fixed by the Act, so as to 
secure their bdng made of such elevation and strength, 
that neither the tide itself, nor tide and floods together, 
may be able to overtop or break them ; and yet that 
the land-flood waters may not be impeded so as to 
^rown the lands situated above the intake. These 
points as to rivers ought not to be left to the project* 
ors, who might not be aware of the quantity or force of 
waters coming down a river, or of the liability of that 
river to flood the grounds near its mouth, or of the 
lowness of such grounds upon some part of the course 
of such river. It would therefore be very expedient 
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that some engineer should certify on the part of the 
public^ as well as on the part of the proprietors of 
lands adjoining such river^ that the proposed river* 
banks will be good and sufficient for all these pur- 
poses ; and hence^ amongst other reasons^ the necessity 
of the engineer's original report specifying the height 
of tides^ and other particulars or data^ as mentioned 
in a preceding page. 

And these points being secured as to rivers^ that of 
the navigation of those riveris should also be protected. 
It is sometimes of great consequence to a tract of 
country that either the actual power of navigating to a 
certain point up the river^ or at least the capability of 
rendering the river navigable to such pointy should be 
preserved; but this is in great danger of injury or 
annihilation when embanked^ by reason of the accumu- 
lation of detritus brought by the stream down from the 
upper country. Any alteration of the stream^ therefore^ 
becomes of great importance in a river where such 
detritus is abundant; and the width at which the 
banks should be set^ their direction^ and the degree of 
their divergence, are matters of equal importance; 
since the natural bias of the projectors will be to place 
the river-banks as close as possible, in order to avoid 
diminishing the^area of the intake, whilst the danger of 
their being too close is, not only want of sufficient 
ipace for tide and flood, but such an accumulation of de^ 
tritus as to have an insufficient depth for tide and flood. 
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and totally to destroy navigation. To obviate these 
difficulties it may be requisite to deal with these rivers 
far above the bounds of the intake^ and to deepen^ 
widen^ and embank them, so as to secure them against 
every misehief to which they may be liable, in conse- 
quence of the works of the intake; — ^but this ought 
certainly to be done by, or at the expense of, the pro* 
j actors or promoters of the scheme, therefore it might 
best suit all parties, if such mattera as these were left 
to be finally determined in detail by Commissioners 
named in the Act, although some general outlines 
ought to be laid down by the Act itsell^ founded on a 
previous examination of the case iji respect of all the 
rivers interfered with ; and should any works done by 
the projectors, extra those necessary for the embank- 
ment, be greatly beneficial to the public and plaoe 
them in a better position than before, the distriidt 
improved by such advantages of roads, navigation^ 
drainage, &c. should by assessment pay the value of 
such improvements, — ^the assessment to be imposed by 
some competent persons in manner to be described in 
the Act. 

In matters of drainage also, the public may be much 
injured by the projected embankment ; care therefore 
ought to be taken to secure the complete drainage of 
the lands embanked, so as to prevent malaria, or any 
unhealthful effects of stagnant waters, as well as to 
prevent any stoppage of such drains as have hitherto 
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carried the upland waters to sea; as^ without such pre- 
cautions5 public roads may be inundated^ and public 
bridges may be injured ^ but, on the other hand, waters 
may be lowered, roads improved, and bridges rendered 
unnecessary, in which case the county or district pub- 
licly benefited should render some adequate and equi- 
ta1)le compensation in manner before mentioned. 

In the case also of navigation seaward, the public 
will necessarUy be driven to a greater distance from 
the usual landing-place on the shore, and this disad- 
vantage should be compensated by commodious land- 
ing-places being provided, conveniently situated wit^ 
respect to the roads that are to cross the intake,— «- and 
in case of quays or wharfs built by the projectors, they 
should be allowed to charge tonnage or other dues 
limited by the Act. 

The public also ought to have reserved to them the 
customary power of collecting such substances as the 
sea affords on many parts of the coast, such as shingle, 
sand, boulders, sea-weed, shells for manure, sea-mud, 
&c., &c. : as the unlimited exercise of those powers 
as hitherto enjoyed might be injurious to the embank- 
ment, it ought to be limited within a certain distance of 
the foot of the bank; but as the public will still be suf- 
ferers from the greater distance which these substances 
will be removed from the land, they ought to be com- 
pensated by some common, public, free landing-place 
for such substances being provided on some of the 
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navigable rivers, at some place at least as convenient 
with respect to distance from the sea as the former 
shore; and in consideration of the probability of the 
quantity of several of these substances being decreased 
by such embankment, these landing-places ought to be 
situated as high up the country as the river can be 
easily made navigable for the craft usually employed. 

But a question naturally arises out of these observa- 
tions^ as to the means by which, and the parties by 
whom, these public concerns are to be secured ; since it 
is vain to expect much anxiety with respect to these 
points to be evinced by either of the other parties con* 
cemed, viz. the proprietors or the promoters, — the first 
being only intent on the best terms they can obtain, 
and the other on the hazard and profit of their entef* 
prise. It is therefore only in the Committees of the 
two Houses of Parliament, that any security can be 
looked for to the public interests in these cases, and if 
such adventures should become as frequent as the 
redundancy of capital and the enterprising spirit of the 
age render probable, there will most likely be a gene- 
ral preliminary Act brought in, regulating such matters 
on the part of the public, and at the same time facili- 
tating their operation on the part of the adventurers in 
a manner similar to the Act called ^^ The Duke of Bed- 
ford's Act'* regulating the forms, &c. of Inclosure Acts, 
and facilitating Bills of that nature ; and in such a case 
it is much to be wished that provision may be made 
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for a distinct and accurate plan of the shore and ad- 
joining country; — ^the line of bank with sections thereof 
being deposited in Parliament and other public places 
in like manner to those for railways^ but also accompa- 
nied with a specification of the intended works. Per- 
haps some amendments of the Act of 5 and 6 Victoria^ 
chap. 89, entitled "An Act to promote the Drainage of 
Lands and the Improvement of Navigation and Water- 
Power, &c. in Ireland,^' would answer the purpose* 
The 7 and 8 Vict., chap. 110, regulating the liabilities 
of public companies and partnerships, may also bear on 
this question, and an Act may from these be framed 
which would enable the public and individuals to judge 
of the extent and probable effect of these projects, and 
to take measures accordingly for their own protection ^ 
besides the suppression of those inflated expectationa 
which are raised by exaggerated accounts of quantity of 
land proposed to be gained, and by the boastful and 
confident, yet mysterious air assumed by adventurers 
on such occasions, which, if not intended to lead, do 
in fact lead to ruinous participations in ill-digested 
projects, and even to failure in designs very capable 
of eminent success under prudent and well-advised 
management. 

Assuming, therefore, that the public ought to be pro- 
tected from enticement to invest their money under 
representations of too sanguine, and therefore of a 
somewhat fictitious nature^ it follows that these parlia- 

g5 
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mentaiy documents ought to exhibit measurements ot 
the quantity of land proposed to be gained from the 
sea^ and an authentic estimate of the probable expenses 
to be incurred therein, together with an account of the 
nature and probable produce and value of the soil 
when drained and reclaimed after embankment^ and 
the probable expenses thereof, and that these plans, 
specifications, estimates, and valuations, shall be cer- 
tified and signed by at least two engineers and two 
land-surveyors: and indeed such precautions as these 
are equally requisite for the benefit of the adventurers, 
as for security to the public ; since nothing is more 
common than for such adventurers to deceive them" 
sehes, quite as much as they deceive their monied 
friends; nor can it be conceived that educated and 
well-informed men, ardently bent on such schemes, 
should draw their friends into them with any other 
than bond fide views of certain advantage to both. 
Nor does it appear that these guards ought to be 
omitted any more in the case of private parties under- 
taking the project, than in the case of a Joint Stock 
Company; since the original undertaking parties 
change, and if there is any delusion in the scheme, 
its propagation is facilitated by the want of those 
guards. It may also be worthy of consideration, 
whether the public points and bearings of such matters 
should not be matter of investigation by Government 5 
thus the projectors might be referred to the Board 
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of Ordnance or Board of Trade, who should issue a 
writ of ad quod damnum directed to certain persons 
acting as Commissioners, who should report as to how 
far, and in what way, the public are concerned in the 
matter, as is already done with regard to navigation, 
and that such report should be referred as instructions 
to the Committee on the Bill. 

2nd, The due provisiosis for the rights of the PrO"» 
PBIETORS of land adjoining, who may be affected by 
these projects of embanking lands from the sea, and 
those especially who have been denominated frontagers, 
are next to be the subject of pur consideration> 
although the amount and probable value of some of 
those rights in such cases have already been touched 
upon. Any such Bill proposed to Parliament with 
the object of such embankment, drainage, and recla-* 
Illation of lands from the sea, whilst it gives powers 
to the promoters sufficient to carry out their project, 
must also carefully guard against abuse of those 
powers by invasion of, or injury to, property, with- 
out ample compensation, and this compensation will 
be of a twofold nature, viz. for the property taken^ 
and for injury to other property. 

The property actually taken away will chiefly, if 
not entirely, comprise that which has been previously 
described and estimated, as share of frontage and 
pasturable fringes, which should be wholly vested in^" 
the undertakers in fee, when the sea has bjeen shut 
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<^ut by them; but if any accident sboold occasion 
the final abandonment of the project^ it would be 
hard on the frontager to lose his slob and fringes 
in fee; therefore a proviso should be made^ that if' 
at any period whatever^ the sea should again break 
in^ and the breach made thereby should be and remain 
open, and the reserved rents thereof unpaid for three 
whole years^ then the slobs and fringes should revert 
again to the original proprietors. Any buildings, 
however, may be removed from the premises within 
one year after the three years aforesaid, but the 
materials of any roads should not be removed. Yet 
any stone or other material which constituted part 
of the bank, and not being the earth thereof, may 
be removed therefrom at the pleasure of the under- 
takers. These stipulations may be thought too specific 
for the clauses of an Act of Parliament, but they 
ought certainly to be embodied in an agreement 
which the Act should recognize and confirm. They 
may also be thought to anticipate a possible failure, 
but it is only a reasonable degree of prudence to 
provide for possibilities as well as probabilities; and 
when it is considered how annoying to a proprietor 
tnust be a part of his estate neither well occupied 
tior altogether abandoned, perfectly useless to him^ 
and scarcely less so to others, the propriety of 
"T^roviding for an event that may happen will be. 
apparent. 
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For all the processes which are to take place during 
the operation of the Act, such as the setting out of 
proportions reserved to the proprietary parties, or 
the supply of materials to the projectors, or in other 
ways affecting adjoining properties, the Commissioners 
named therein will act as arbiters in all matters and 
things which may require to be adjusted between 
the proprietary and the projecting parties; and in 
framing the clauses for this purpose, care should be 
taken to provide some remedy, in case of one of the 
parties being unwilling to make a reference to the 
Commissioners in due form, or to abide by their 
decision when made* Whether in such a case the 
alternative should be reference to a jury, or whether 
the Commissioners should be allowed to proceed ex 
parte after the lapse of a certain period of time, and 
after notices to the obstinate party of their intentions 
to proceed, are points for consideration ; but it should 
be recollected that it is most desirable that the parties 
'ishould adjust all these points between themselves, 
without incurring the extra expenses of arbiters, and 
therefore that the alternative of their non-adjustment 
between themselves should not be too easy and cheap, 
but be attended with that amount of trouble and ex- 
pense which may have the effect of discouraging 
arbitration, and consequently of encouraging private 
agreement. At the same time it must be considerel^ 
that for any man's private property to be entered 
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and taken for the jmvate profit of any otlier man^ 
is of itself a great grievance^ and the compensation 
for such entry and appropriation should be ample^ 
and such as ought reasonably to afford satisfisction 
to the parties suffering without being extravagant; 
and this principle is now recognized in railway com- 
pensations, to find which^ the full value of ground 
taken is increased by a consideration for severance 
and unwilling sale, to an amount varying from one- 
third more than the intrinsic value to double that 
value of the land. Indeed the mode of compensation, 
as well as the powers of projectors in railway cases, 
are now so well studied and understood, and have been 
so matured in practice, that no better modes and 
powers could be adopted in the case of intakes than 
those in operation with respect to railways ; although 
tiaey go the length of powers to the projectors to take 
and convert property to their own use without in- 
dividual consent of the possessors of that property^ 
There is, however, this difference between the cases^ 
viz. that in railways the exact line and dimensions 
of the property required are previously known and 
understood, so that the proprietors and projectors are 
often enabled to come to an understanding before the 
Bill passes, and thus a good deal of time and expense 
are saved; whereas, in the present state of intake 
^actice, the plans and specifications of the works 
intended are not sufficiently defined beforehand to 
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admit of such desirable and beneficial adjustments of 
interests; a defect which should be cured, not only 
in the manner already specified with respect to the 
lines and sections of the embankment, but also by 
defining and describing the situations from which 
materials are required to be taken, the nature and 
probable amount of them, and the lines of road by 
which they are to be carried. Nothing could be easier 
than this, under that well-considered and well*digested 
plan upon which such measures should be based ; and 
the proprietors have a right to know what is required 
of them previously to the introduction of the Bill 
into Parliament. This knowledge ought to extend 
to all parts of the proposed works which are likely 
to affect their property, including the catchwater 
drains, and other interferences with existing rights 
end interests; and far from being a hardship on the 
projectors, this particularity would be so jGsir beneficial 
to them as to tend greatly to that well-advised and 
mature consideration of the subject which the ordinary 
sanguine temperament of projectors renders so essen- 
tial to their own success, as well as to the interests 
of those capitalists with whom they are connected. 

It would also conduce greatly to the prevention of 
disputes if the Act were to recognize some principle 
or rule of boundary to the frontages of proprietors, and 
this could not perhaps be better done than by show* 
ing the lines o'f the respective firontages over the 
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intake on the parliamentary plans and sections^ or 
otherwise by naming some point of the compass which 
these lines shall bear; or^ by drawing a line from one 
end of the coast to the other^ the bearings of the 
frontages with respect to that line could be described 
in words in some clauses of the Act. In short, the 
very reverse of what usually takes place in the 
framing of Bills for Parliament on such matters ought 
to be adopted, for these BiUs are usually got up in 
haste ; some of the clauses are unusual, and therefore 
out of precedency in the process of legislation ; words 
are necessarily introduced foreign to those already 
recognized in that process, and the efforts made to 
reduce clauses to parliamentary forms, and words to 
parliamentary language, and the efforts of individuals 
to secure their respective interests, induce so many 
alterations, that by the time the Bill becomes an Actj 
its original compiler would not be able to recognize it 
as the result of his own labours; and what he, with 
a full knowledge of the subject, considered the essence 
of its efficacy, is destroyed by its amendments. This 
was very much the case in almost the only precedent 
for such Acts, viz. 1 and 2 Vict. (1838), chap. 87, 
entitled " The Lough Swilly and Lough Foyle Drain- 
age and Embankment Act.^' In this Act the Com- 
missioners nominated were several gentlemen of con- 
sideration, of local knowledge, and of habits of business. 
These of course could only act through the medium 
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of engineers and surveyors employed by themselves, 
and according to evidence adduced before them as 
to the facts of the case. This, therefore, is a species 
of arbitration, not a Commissionership, though so 
named. Here the proprietors are left to make the 
best bargain they can with the projectors, and failing 
that, to have recourse to referees named in the Act. 
But the persons named in the Act as Commissioners 
should be professional men, of business habits, invested 
with powers to carry the Act into execution, to arrange, 
adjust, and determine all matters and things between 
the proprietors and projectors, under and subject to 
the terms and conditions and provisoes of the Act, 
until the land to be embanked shall be finally vested. 
And this might be done in the same manner as landed 
property is dealt with under Inclosure Acts, either of 
common fields' or waste lands, wherein the property of 
all the proprietors in the parish or manor is operated 
upon by such persons so nominated, each property 
being taken out of the hands of its ancient possessors, 
and put into a state known amongst lawyers as that 
of hotch-potch or hotch-pot, meaning a mixed or amal- 
gamated state, out of which it is the business of the 
Commissioners to bring each proprietor's share in 
due proportions. 

This process under Inclosure Acts is a much 
more extensive dealing with private property than 
is contemplated in the case of an intake, wher/s 
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some of the principal outlines of the rights of pro- 
prietors and of the powers of projectors would be laid 
down and defined by the Act ; and the chief duties of 
the Commissioners would be to determine minor aiat^ 
ters of value^ and of mutual convenience to the parties. 
But even in the exercise of such limited powers as thesa^ 
such guards would be required to be provided by the 
Act as would obviate the danger of either party seek- 
ing to render them nugatory; such as the guard of 
giving power for the Commissioners to act on the 
application of one party or the other^ and also such a 
guard as may declare whether^ and how far^ and in 
what cases, the adjournment of a Commissioners' meet- 
ing may be requisite : thus, the Act should declare that 
when any specific matter or thing between the parties 
ahall be submitted to the Commissioners, as men- 
tioned and specified in the Notice to act served on 
the Commissioners by the one or other party, such 
specific matter or thing shall be adjusted by the 
Commissioners, either at their first meeting or any 
other meeting, whether by adjournment or otherwise. 
It is, besides, extremely necessary in all such Acts 
to guard against the possibility of one or other party 
delaying proceedings and conclusions, to the manifest 
injury of the opposite party ; thus, whilst the proprietor 
should not be allowed to withhold materials and 
accommodations beyond a reasonable period against 
tiie projectors, the latter should not be enabled to 
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¥nthhold payment for the same t and this brmgs us 
to 

Bfd, The consideration of what is due to the Pro- 
jectors in the case of such an adventure of their skill 
and capital as that which we are contemplating^ via, 
an intake or embankment of lands from the sea« 

The general principles on which such rights, &c. 
will be founded, are, that every possible facility and 
encouragement should be afforded to the projectors, 
consistently with the rights of the public and of the 
proprietors or frontagers. 

The projectors should have power to enter upon 
lands^ and take materials fit and proper for their 
purpose; also to make roads for the conveyance 
thereof, and to make catchwater drains, and to erect 
temporary buildings, and for all other purposes that 
the prosecution of their work may require. But 
these powers should be under every reasonable 
restriction that may be necessary for the interests 
and convenience of the proprietors, without too much 
reducing the powers of the projectors. For instance, 
materials, &c. may be wanted instanter. It would 
be too much to restrict their being taken at three, 
or even one month^s notice, and yet some notice 
and some forms are called for. These forms may 
differ according to the stage at which the work may 
have arrived, because in the beginning thereof the 
projectors can readily foresee what materials will be 
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required^ and in Vhat situations. But occurrences 
may take place afterwards, which may require mate** 
rials to be taken suddenly or at any short notice; 
therefore the Act should contain powers, and require 
the Commissioners named therein, to set out in the 
first insiance requisite materials, and the road by which 
they may be carried, &c., and to value the same, and 
to ^ve notice to all parties concerned therein, of 
such setting out and valuation, and of the particu- 
lars thereof, together with a plan of the ground re- 
quired to be taken for materials; such notice to be 
delivered to the parties interested at least two months 
before any such property shall be entered on for 
the purposes of the Act; and if any party so interested 
shall feel aggrieved, by reason of such setting out or 
valuation so made by the said Commissioners, and 
shall give notice of his dissatisfaction within one 
month of the delivery of notice by the Commis- 
sioners as aforesaid, then, and in that case, a jury 
shall be empannelled by the Sheriff, who shall hear 
the evidence adduced by the parties on both sides, 
viz. by the projectors on the one side, and the pro- 
prietors on the other, and their determination shall 
be final, and the expenses of the said jury shall be 
borne equally between the said parties, the whole of 
the said expenses being first defrayed by the pro- 
jectors, and one moiety thereof being retained by them 
out of the compensation money awarded by the jury. 
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The projectors should also be enabled at a future 
period to embank any further portion of the shore 
than that laid down as their exterior line of bank; 
and the extent of their rights over such portion as 
remains unembanked should be clearly defined by 
the Act; saving to the public and to the frontage 
proprietors^ until embanked, such rights and privi- 
leges as they have been hitherto accustomed to enjoy 
in, on, and over such unembanked shores. 

The projectors should also be allowed to enjoy 
all the advantages which their bank may afford^ 
towards promoting trade thereon by landing-places, 
wharfs, quays, warehouses, &c., without hindrance 
from the frontagers, but in certain localities regulated 
by the Act. 

Any public roads made by them should afterwards 
be maintained and kept up in the same manner as 
other public roads are kept up in the district. 

In consideration of the great expense of such works, 
no public burthens, as county-rate, poor-rate, (tithe 
is abolished upon such lands,) or other public tax 
or assessment whatever, whether local or otherwise^ 
should be levied upon the lands embanked during 
the first seven years, to be computed from the day 
of the commencement of the year of any assessment 
next after the final shutting out of the sea, as the 
same may be certified by the Commissioners; and 
this privilege might be accorded in and by the pre- 
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parstory Act before menticmed^ on the same grounds 
th«t *' barren lands" were exempted from tithes for 
the first seven years i^r cfdtivation. 

The projectors having executed the works of em- 
bankment and drainage, the several distinct intakes^ 
or embankment enclosures, are to be erected into 
kveky bearing such denominations as may be men- 
tioned in the Act, or in any document referred to 
by the same; and after being so erected into a levels 
a provision is to be made for the due maintenance 
and repair of the said banks, and slmces, and steam 
engines, by the appointment of Trustees for each 
level respectively, and by means of an acreable rate 
laid upon such embanked lands by such Trustees, 
who are to consist of owners of lands within the 
*said level, or their nominees. The qualification for 
such Trusteeship should not be too low, as that 
might let in a troublesome majority of small owners, 
who would rather risk the chance of inundation than 
incur expense. The qualification should rather be 
high, to secure respectable votes: the actual posses- 
sion of fifty acres appears to be a fair medium in 
most cases, but may be too large in some cases, or 
too small in others. The Trustees should have 
power to levy an acreable rate to any needful 
amount by the votes of two-thir^ in number and 
two-thirds in value, neuters being considered as 
consents, and such votes to be in writii^ signed by 
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the party or their agents. But such rate ought not 
to be uniform and even over the whole level, since 
some of the lower lands will require more draining 
than others which are higher, whilst all the lands 
will equally require the protection of the bank ; there 
should accordingly be an equal acreable rate for the 
support of the bantc, but the rate for drainage should 
be levied according to the situation of the lands, at 
least three distinctions being made, say into high 
landSy medium lands, and low lands, and the drainage 
rate should be levied accordingly. If it were other- 
wise, the burden of draining the lower lands would 
be partly thrown on the higher levels of the intake, 
and in case of the projectors having taken in too 
much of the lowest land, with too much water stand- 
ing thereon, the upper levels of land would be 
injured thereby, inasmuch as the necessity for steam 
engines would probably be entirely owing to this 
circumstance. This principle of classification in the 
e3q)ense of drainage has always been recognized and 
acted on; for so far back as the first drainage of 
the Fens in Bedford Level, in 1667, they were 
divided, according to their degree of lowness and 
difficulty of drainage, into eleven qualities, varying 
from each other by a quantity which was expressed 
by fourpence per acre difference of drainage tax, 
and this has continued to the present day. The 
Trustees therefore, for the drainage of each level. 
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should be empowered and required by the Act to 
assess the drainage taxes on the lands of each levels 
according to the necessity and difficulty of their 
drainage^ and to cause a classification of such lands 
to be made accordingly, before they proceed to levy 
any drainage taxes. 

And whether the projectors shall consist of private 
individuals or a public Joint Stock Company, the 
lands embanked should be vested in them in fee for 
every purpose of ownership, subject, however, to the 
foregoing proviso in case of a ^^drown^^ as soon as 
they are fairly and actually won from the sea, and the 
requisite means taken for their general drainage from 
land waters, and also the shares of frontagers or other 
proprietors set out, unless such shares have been 
jeserved in money rents, which on many accounts 
would be the most desirable for the projectors as well 
as the frontagers. These things being done and certi- 
fied by the Commissioners, or some other such compe- 
tent authority as can be implicitly depended on by the 
public, the lands so won should be vested in the pro- 
jectors with full powers of sale, and every facility 
should be given by the Act to enable them to make 
good and sufficient titles to any portion of the lands, 
whether large or small; and with this view, the Act 
should contain a scheduled form of conveyance, and 
should enjoin that a map or plan be annexed thereto, 
showing the exterior line of boundary of such lands. 
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and also the line of access thereto through or across 
any other lands to the nearest public road^ and also the 
access to the sea, and also the direction and nature of 
its drainage, and also its means of supply of fresh 
water, if any; and the conveyance should declare its 
class of drainage, and its apportioned share of the head 
rent, together with all other particulars of its incum- 
brances, or the burthens that may affect the lands so 
conveyed. 

And here it may be well to notice how extremely 
important it is for the projectors to obtain a bond fide 
declaration as to the su£Sciency of the banks to protect 
the lands from the sea, and of the sluices or other 
means of drainage to carry off the land waters ; since^ 
in such a case, little confidence can be expected to be 
placed in the certificates of the very same Commission^ 
ers who have conducted the works and will of course 
deem them good and sufficient. For such a purpose ag 
this, public characters well known in the country, and 
having the aid of engineers, surveyors, and others of 
their own choosing, afford at first sight a good guaran- 
tee, but on reflection the public will be apt to look 
upon the engineers, surveyors, and others so employed, 
as the real authorities on which such certificates are 
given : it seems therefore essential for the projectors to 
stand well with the public on this important point, 
that some public Court should be constituted to take 
cognizance of this matter; and whether such Court 

H 
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would best be a Jury convened by the Sheriff or the 
Grand Jury of the county, or the Chairman of Quarter 
Sessions, hearing evidence as to the fact of the direc- 
tions of the Act having been fulfilled, and also that the 
works of embankment and drainage are good and suffi- 
cient, may be matter of consideration in any particular 
case ; but certain it is, that for the interests of the pro- 
jectors, neither too much publicity, scrutiny, nor can- 
dour can possibly be infused into such an inquiry. 

In all such Acts of Parliament the use of the essen- 
tial words *' embanking, draining, and reclaiming, '* 
should be limited to their precise meaning, and used 
in their proper places : to use the word draining pre- 
cedently to the word embanking in such a case is to 
put the cart before the horse ; yet parliamentary usage 
may call for the word draining or drainage to stand first, 
because Drainage Bills are frequent, but Embankment 
Bills are scarcely known, — and this is one more reason 
in jFiavour of such a general, or declaratory, or regula- 
tory Act, with regard to measures of this kind, as has 
been recommended. 

Such an Act should declare, that the word embank-- 
ing means the act of shutting out the sea from some 
portion of the land which has been hitherto covered by 
it, and that the words sea-bank, or bank, or embank- 
ment, mean, the bank which so shuts out the sea; 
that the word draining or drainage means the carrying 
off to seaward, or the discharge beyond the bank to 
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seaward^ of those waters which may fall upon the lands 
from which the sea is so shut out, either by downfall of 
rain or by waters from other lands above their level ; 
and that this drainage means the discharge of such 
waters from the level, so as to admit of the cultivation 
of the same, except as to certain portions, viz. the 
fleets and water-fences. 

Some confusion of ideas will also arise, unless 
the meaning of the words reclaiming or reclama- 
tion be well defined by the Act; they are some-- 
times used as synonymous to embanking and draining, 
whereas their true meaning applies to ikhose agricul- 
tural operations which take place subsequently to the 
embanking and draining, viz. the subdivision, fencing, 
and the cultivation of the land. * 

It is, in short, very essential to the interests of the 
projectors, and may save them much expense and 
litigation, to have the Act as clear and specific, and 
with as little ambiguity as possible, with regard to 
the nature and extent of their rights and powers, 
discarding not only as unworthy, but impolitic, those 
contradictions which are sometimes permitted, advan- 
tage being afterwards taken of the confusion occasioned 
by them. Whilst, therefore, the projectors should be 
favoured in every way possible consistently with the 
rights of the proprietors, they ought to expect to be 
bound to render a full and fair measure of justice to 
those proprietors as well as to the public. 



IX. EXAMPLES OF EMBANKMENTS. 

One may be familiarly acquainted with many miles 
of sea-bank without becoming cognizant of those 
particulars of their construction, which we now wish 
to develope^ in order to elucidate our discourse by a 
reference to facts. 

The following instances may serve to exemplify 
some of the points already mentioned. 

1. An embankment was made after the opening 
of the Nene Cut in 1824^ to form the rampart-road 
over Cross Keys Wash, and about 1200 acres of 
sandy soil were thus enclosed by a cradge-bank, some 
of the land having brought JS40 an acre immediately^ 
and the whole realized £ 26,000. 

And the river Nene Outfall Commissioners^ together 
with some adjoining proprietors, were (July, 1844) 
embanking a portion of the salt-marsh to seaward of 
the Cross Keys, or Sutton. Wash rampart. 

According to Sir John Rennie's printed Report 
of November, 1839, their line is 3 miles 2 furlongs 
270 links in length, and is 2 miles 4050 links below 
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Sutton Bridge^ enclosing about 4000 acres. Sir John 
recommended that bushes should be inserted in the 
bare silt or sands^ with their tops standing out in 
lines across the direction of the flow of tide^ in order 
to gather the silt and raise the surface. This was 
done^ and several feet in depth of silt hare been 
gathered in channels and other low places : as the tide 
comes up very turbid and surcharged with warp, the 
bush-tops create a certain extent of still water, and this 
allows the sediment to deposit and accumulate to a 
considerable degree, i. e. 5 ot 6 feet deep in one year, 
in rills and channels where circumstances are favour- 
able ; the conditions requisite to this effect being that 
the flow of tide shall be merely checked sufficiently to 
produce still water, not stopped or so much impeded 
as to produce an eddy or an overfall. A bank across and 
stopping suddenly the usual efflux of the tide has also a 
similar effect, which is strongly evinced by the accu- 
mulation of soil in front of the rampart or Sutton 
Wash road, where a fine strong golty silt has accumu- 
lated to the depth of several feet during the twenty 
years since that bank was made ; and this accumulation 
has become covered, first with samphire, and then with 
maritime grasses (on which sheep do well), and with 
few rills or creeks. The sands thus accumulated be- 
come covered with a slimy vegetation, which Sir John 
Rennie calls ^^ cot or ling, the forerunner of samphire/' 
as soon as their stability is established, ue, in one 
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flummer^ and then the safaphire appears^ which ^ves 
place as the sands rise to maritime grasses. 

One great portion of the expense of this work is 
incurred by the nec^essity of what are called ^ cradge- 
banks/' which enclose portions of the space to be 
finally embanked. Thus along the edge of the high- 
lands or skirts which had been raised by the warp or 
accumulation of silt before mentioned, little difficulty 
was experienced in embanking 1200 acres of the high 
fringe next the land, with a cradge-bank with slopes 
3 to 1 to sea, and 1 to 1 on land side. This, however, 
had not experienced the effects of a stormy winter. 
Other cradge-banks have been made, and are intended 
to be made, for the double purpose of reducing the area 
of tidal water to be contended against at one time ; L e. 
of cutting off portions of the enemy, and of raising the 
land ; which latter operation not only reduces the water 
in depth and force, but also makes the land more valu- 
able when embanked. The benefit of these cradge- 
banks is thought to be so great, that although they do 
in fact constitute many temporary intakes in addition 
to one permanent embankment, yet the parties are 
constructing as many of them as will ultimately reduce 
the space from which the water is to be finally ex- 
cluded, to a few, ?ay 500 acres. — on the principle of 
lessening the force of the reflux tide, at or about the 
critical period of closing or shutting out the tide alto- 
gether. 
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On this line of embankment the tide flowed accord- 
ing to the sections to a maximum depth of 19 feet at 
extraordinary spring tides^ and at 17 feet 6 inches at 
ordinary spring tides; and the bank was constructed 
G feet above the latter height^ and 30 feet above low- 
water mark. It was covered with chalk-stone from 
Hesse^ on the Humber^ to ordinary high-water mark^ 
and turfed above; the slope being 5^ to 1 to sea- 
ward; and 3 to 1 to landward^ the top to be 4 feet 
broad, according to which dimensions its section would 
be as below. 
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It had been found that the mere harrowing and 
loose packing of the cradge-banks had caused them to 
break and wash down, from the water getting between 
the sandy sods and rendering them somewhat buoyant. 
Carts and horses were therefore employed to raise the 
main bank, that its solidity might be increased by their 
pressure, and the expense of them in raising the banks 
was not found greater than harrowing the sand from 
the sand-banks adjacent, — being done at about 7^* per 
floor, or under sixpence per cubic yard. Three feet 
thick of clay was placed against the sand on sea side, and 
18 inches thick on land side, and both were well sodded 
outside. The clay was brought oy tram-roads from a 
marsh at one end of the bank, about 1^ mile distance. 
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A considerable portion of the main bank remained 
to be completed^ including the most critical operation 
of closing or finally shutting out the tide. This opera- 
tion was looked to with anxiety^ — the fine-grained^ 
tender^ and loose sand had begun to work away fast 
with the reflux tide^ and no plan had yet been deter- 
mined on as to the mode of closing the breach. 

2. The bank minuted by Arthur Young, in 1784, as 
having been built by Count Bentinck, near Terrington, 
extended about four miles and enclosed about 1000 
acres, and its dimensions were 12 feet high, 34 feet 
base in front, 4 feet thick at top, and 10 feet base in 
rear, which would give the following section : 




-48 



This cost JB5 per rod forward, but for want of 
height and slope in front at first a breach happened, 
aad an expense of about JBlOOO was incurred, which is 
included in the JB 5 per rod. It may therefore be in- 
ferred from the particulars given, that this bank cost 
about fourpence halfpenny per cubic yard, the soil 
being a somewhat clayey silt. 

3. Another bank in the same locality is mentioned 
by Arthur Young, as erected about the year 1800, and 
the dimensions given are 12 feet high, 4 feet thick at 
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top; sea base 4 to 1^ and land base 2 to 1^ — dimensions 
which give the following section : 



The cost of labour was 4s. 6d. per floor of 400 feet^ 
which is 3^^. per cubic yard, men finding barrows, 
planks, &c. ; the whole cost of bank, sluices, &c. being 
£3300, but ultimately £4000 for 273 acres of marsh 
and 18 ficres of bank, or between £13 and £14 per 
acre. It was sown directly the sea was shut out 
with coleseed and wheat, and both crops were good. 
£4 an acre was offered for four years, £3 for six 
years. Let in 1802 for 42s. to 52s. 6d. per acre. 
Price of wheat in 1801, six guineas per quarter. 

4. Arthur Young also gives some particulars of the 
bank built 17^0, to enclose 868 acres of common at 
Terrington, as follows : 

The bank cost» and was then deserted, 

the sea breaking in, . . . . ^ 4,535 

But was afterwards completed for • . 8,032 

Slaice 309 

A partition bank ..... 254 

Act, Solicitors, &c 759 

Commissioners, &c 514 

Survey , 200 

Sundries 2,367 

Total .... 12,435 

H 5 
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or rather more than £14 per acre. Let at 208. to 
42^. per acre. Average 30^. 

5. Young's account of the Essex sea-walls^ in the 
agricultural report of that county, mentions the fol- 
lowing : 

(a,) Thirty acres embanked at Goldhanger cost 
£300. (ft.) Ten acres at Brad well cost £150. 
(c.) Three hundred and thirty acres in Foulness 
Island in 1801, the bank being 420 rods, costing 
about £3 per rod, which is under £4 per acre ; but 
the whole cost £1700, or under £5 per acre, was 
enclosed by tenants under a 21 years' lease, rent free, 
but not to be ploughed. In four years after enclosure, 
he *^ examined the herbage, and found it greatly 
advanced and very good, the white clover coming 
apace, and a scattering of dwarf poa and spotted 
trefoil, with many other grasses that promise to do 
well.'' 

6. The following example deserves attention : 

Extract from Trans. Soc. Arts, 1800. Letter from 
the Rev. Sir Henry Bate Dudley to the Secretary; 
dated Bradwell Lodge, Essex, . I7th of December, 
1799. 

'* A tract of land which I enclosed on the same 
line of coast within this parish, about eleven years 
ago, (for which I was then honoured with the 
Society's gold medal,) being already under a profit- 
able course of tillage, I was induced to undertake 



EXAMPLES. 179 

the present enclosure^ as a lessee of the Collegiate 
estate of St. PauPs. The front line of embankment 
against the sea is nearly one mile in lengthy and, 
with the returning banks on each wing to the old 
wall, forms an enclosure of 260 acres. The whole 
of the embankment is composed of earth alone, 
harrowed from the irregular salting land in front, 
and taken at the limited distance of 12 feet from 
the base of the new work, to leave a sufficient fore- 
land for its protection. I found from experience in 
my former embankment, that I had not given a 
sufficient angular declension in front, for an easy 
ascent and descent of the waves. This error was 
therefore corrected in the last work. I began it on 
a base of 32 feet and wrought it to the height of 
7 feet, leaving it a plane of 5 feet on the top, and 
making the land side of the embankment as nearly 
perpendicular as the security of the base would allow. 
"Within, on the land side, is cut a ditch 12 feet 
wide, 5 feet deep, and 4 feet at bottom^ the earth 
from which was thrown into the mound. My former 
sea embankment in Bradwell parish had nearly given 
way to the great inundating tide of February, 1792, 
from this erection of new earth being made on the 
surface. To guard against similar danger in the 
present work, a spit-deep trench, 6 feet wide, was 
previously cut along the centre of the whole line, 
on which the mound was to rest; this, by admit- 
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ting the new earth into an incorporative adhesion 
with the base soil^ renders a future separation almost 
impossible. Before this^ the main rills had been 
filled and rammed, to give these parts an equal 
solidity with the rest. 

*^ The whole operation was performed by a gang of 
sea-wallers, with barrows and planks only, at £1. 10^. 
the marsh rod of 20 feet, and perfectly enclosed in 
seven months; but it must be observed,* that the 
soil, composed of rich vegetable matter, is without 
one particle of stone or gravel, and cuts with an 
iron-edged scoop-tool, so as to load the barrows with 
great facility. At each end of the front line is laid 
an outfall gutter, or sluice, through the whole em- 
bankment, 5 feet in width by 3 feet deep, clear 
in the run, and another of smaller dimensions in 
the centre, for discharging the land waters freely to 
sea. The construction of these aqueducts is too 
well known to require further description here; 
probably, however, the little addition given to those 
erected on this occasion may be found of some 
use. Observing it often happen, that, either from 
accident or design, the outward lid of the sea-sluices 
remained open, and admitted the tide to the great 
injury of the fresh waters inside the marshes, I 
introduced here a light fly-lid within the centre of 
each sluice, which is out of reach, and yields to the 
slightest 'pressure of the water going out ; but shuts 



EXAMPLES. 181 

closely against that of the tide^ when it passes in^ 
wardly the external flap. These sluices are laid 
upon as solid a foundation as can artificially be 
made on such soils^ to prevent the crabs^ and other 
sea-fish^ from undermining them, which must other- 
wise be the case. The frame and flooring are of 
fir^ which lies under water as durably as oak. 

^^The land thus enclosed is partitioned into four 
nearly equal parts, by new out-ditches 12 feet wide, 
5 feet deep, and 4 feet at the bottom, which, with 
small intersecting rills from various parts, give the 
^hole a good drainage of its salts on the fall of 
heavy rains; and, by a course recently made from 
a distant brook, each division of this land is now 
amply supplied with fresh water. Not less than 
900 South Down sheep, and from 60 to 80 horses, 
are almost constantly grazed, and even winter thereon 
remarkably well. The established opinion of the 
best farmers of the country was, that lands thus 
taken from the sea would not grow com under 30 
years, at least, after their enclosure. But, as no 
experiment had been made, by which this fact 
could be clearly ascertained, as soon as I had shut 
out the sea from part of it, about 6 yards square 
were immediately dug, and sown with horse-beans 
and oats, which, though the summer proved very 
dry, and consequently unfavourable, produced of each 
a fair return of sound, good com, and the last har- 
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vest^ the same spot being sown with wheat, yielded 
an excellent crop. The next spring, I mean to try- 
it with barley and turnips. My first enclosed lands 
in this parish have produced two succeeding crops 
of fine oats, and are now growing a very promising 
breadth of rape for seed. 

^^It may here be remarked, that the lower oozy 
parts of the new enclosure, on which no vegetable 
ever grew before, begin to be coated with various 
grasses, and as the saline plants die away in other 
parts for want of their natural moisture, fresh 
grasses replace them, so that the whole is now 
nearly covered with grazing plants of good quality, 
amongst which appear the different clovers, trefoil, 
and rye grass, &c. Hence, I conclude, but con- 
trary to the general opinion, that though all these 
grew artificially from seed sown, it does not follow 
of necessity that they cannot be produced with- 
out. I think that the natural operation of the sun 
and air upon certain soils will alone effect it, and 
my experience in lands taken from the sea con- 
firms very strongly this opinion.^^ 

The value of every line of this letter would be 
much enhanced by a knowledge of the talent and 
energy of the writer, exerted as they were for 
many years, for the benefit of his neighbourhood 
and country, as an active and courageous magis- 
trate, an accomplished clergyman, scholar, and 
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country gentleman, a skilful and enterprising agri- 
culturist, and also a man of literary taste and 
judgment in the fine arts of his day. 

According to the dimensions given, the following 
would be a section of the sea-bank and delph, &c.; 




and the earth-work was done at fourpence per cubic 
yard. 

This example shows how slowly good fixed prin- 
ciples gain ground, or become established, since we 
have here a man of real genius and observation, 
.adopting, (on a second trial) a slope of 3 to 1 in 
front, whereas 5 to 1 is the proper slope. 

7. Arthur Young also, speaking of the embank- 
ments of Lincolnshire in the Agricultural Report 
of that county, says that at Wintringham (on the 
Humber) beans were sown the second year after 
excluding the sea, but the crop was very bad, which 
was attributed to the salt. He adds, ^^From ob- 
servations made in other places, I am inclined to 
think that the land should be pastured for three 
years after excluding the sea.'' 

8. The ''white sands'' as they are called, form- 
ing the estuary of the old river Dee, having become 
vested in ''The River Dee Company" about the 
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year 1732^ have been from time to time embanked 
from the city of Chester along the shores of Flint- 
shire, and now produce a revenue of several^ say 
nine or ten thousand pounds a year. 

The land is now extremely productive and valu- 
able, and there is coal beneath it at Mostyn, &c.^ to 
a valuable extent, which is worked to great advan- 
tage. The railway compensation for lands of this 
kind ranged from £150 to £300 per acre, along 
the line of the Chester and Holyhead Railway ; but 
some portions of it, particularly about Rhyll, are 
light and sandy. About Chester, culture has brought 
these ^^ white sands'^ to a good soil, but the banks of 
the fences still show the original white running sand. 

Davis, in his Agricultural Report of North Wales, 
enumerates seven Acts of Parliament passed from 
1778 to 17^4, by which 18,900 acres were embanked 
and enclosed in that county, including 3100 acres 
of the above-mentioned Dee lands, the share of the 
Lords of the manor, in four instances, being two 
instances each fV^hs^ one tV^^i ^^^ ^^^ tV^^* ^^ 
mentions 1700 acres more as very capable of em- 
bankment with advantage, and some such have since 
taken place. 

9. In 1843 a bank or '^cop^^ was built by the 
joint efforts of the Hon. E. M. LI. Mostyn, and 
J. P. Eyton, Esq., called the Bychaii embankment, 
situated between Llanerchy-mor smelting-works and 
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Mostyn colliery in Flintshire, being on the western 
estuary and near the mouth of the river Dee. Its 
dimensions are, base 87 1 feet, height 16 feet, sea- 
side slope 59i feet, of which 42 feet from the foot 
were stoned, kndside slope 32| feet, and 2 feet 
wide at top, giving the following section. 



The length of the bank is 1974 yards, or rather 
more than one mile and an eighth. The cost was 
£4500, less the barrows and planks which were used 
in making up the bank with the sea-sand on the 
spot, and might be worth JBSO when completed. 
The cost therefore would be JB4000 a mile, or as 
nearly ai| possible sixpence per cubic yard for the 
whole, including stone, which however was not placed 
over the whole face. When first laid on, the stones 
were thrown promiscuously on a layer of straw, gorse, 
or brushwood, which was put on the face of the sand, 
but the winter tides brought a part of the stones 
down to the base, and it was found expedient to 
replace them edgeways, paving them regularly and 
smoothly on the surface, in which process it is found 
that the larger the upper stones are, the better. 
The distance the stone had to be carried was about 
a mile and a quarter, and the cost was ISd. per 
ton, viz. 4^rf. quarrying and 8^rf. drawing; the total 
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cost was reckoned at 3^. per square yard. The part 
not stone-faced was covered with sods in two thick* 
nesses^ each being about eight inches thick; but 
where stone was used^ the sods from them to the 
top of the bank were only 2^ inches thick^ cut 
with a push plough ; the inside slope was cut 3^ feet 
deeper than the level outside^ so as to have a larger 
facing, and to put a cover to make it a cart-road. 
The highest spring tides on the sands outside of the 
bank do not rise more than 7 f^^t on the bank, if 
in a quiet state, but in stormy winds blowing into 
the estuary, the waves reach nearly to the top of 
the bank. The land obtained is about 70 acres, but 
it is in a situation which gives it great local value, 
and with a probability of coal beneath. The Chester 
and Holyhead Railway will pass through it. The 
back of the bank will be sown with lucerne, of 
which there will be 4^ acres. 

10. A sea-bank was buUt in 1819 to 1824 at 
Rossbegh, on the coast of Kerry, in the extreme 
south of Ireland, excluding the sea from about 400 
acres by a bank of only 4700 links, or little more 
than half a mile in length, the situation being a 
nook, but the course of a river had to be turned. 
The soil was partly bog, overflowed by high spring 
tides, partly rich black mud, partly sand and gravel 
with black stinking matter, and partly shelly sand; 
the tide in the old bed of the river, and in other 
channels, rose 10 to 15 feet above their surface, but 
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at each end of the bank the ground wi^s somewhat 
risings and the general height of the bank was 
12 feet. The bank was built of the peat of the 
bog, brought in barges, the sand of the foundation not 
being disturbed. Stones frOm a quarry near were 
laid as a foundation for the peat, and with these 
were intermixed heath or fir twigs to bind them 
together, and the peat was defended in front and 
weighted with 1^ to 2 feet of stone, according to 
its situation and exposure, laid in larch twigs and 
heath, and also lined at the back with stone, of 
somewhat less thickness. The bank has a slope in 
front of about 4 to 1, and has a foot of gravel 
12 to 15 feet wide, forming a natural beach at the 
lower part of the slope* The face of the bank has 
a slight dip, and comes to a ridge of stone at top, 
which is about 3 feet above the highest tides, and 
where above the ordinary springs is covered with a 
spontaneous growth of sand rush {arundo arenariay 
and some bog plants, whilst the stone facing grows 
sea*weed to the spring tide height. 

The annexed diagram shows the section of this 
bank and the arrangement of its materials : 



sea tvi4 




#!/•«# 



The sluices are placed in pairs, namely, two of 
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18 inches run each^ two of 3 feet run each^ two 
of 4 feet run each^ and two more of 3 feet run 
each, making 23 feet run in all; and although most 
of the upland waters are discharged separately and 
independently by a catchwater drain, the springs 
which rise in, and the ram which falls on, this 
intake, give these sluices all they can perform to 
keep down the waters without a great loss of land 
in lakes and wet low places. They are placed 
within a foot of the lowest ebb, and run from one 
to four hours according to the ebb out to sea and 
the water pressing against the sluice-doors inside. 
The sandy portion of the intake was a good deal 
washed, and its position altered during the building 
of the bank, in consequence of an attempt to build 
across without a gap, using the lake thus formed 
inside as a navigation by which to bring the ma- 
terials at all times of tide, but this occasioned a 
^breach in the spring after the unfinished bank had 
sustained the stormy lake on one side, and the sea 
on the other during the winter. This breach again 
altered the position of the sandy soil, and nearly 
levelled in the channels, reducing the original general 
level of the land, which proved low and wet, and 
much saturated with salt. The boggy part of the 
land was earthed and cultivated, and the low sandy 
part was planted with the stolones of the agrostis 
maritima or sea fiorin, which grew vigorously, and 
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was eaten with avidity by the cattle. The surface of 
this low part was not disturbed^ and the pasturage 
was improving fast^ when another breach happened, 
the bank blowing up, and a breach of about 30 yards 
wide taking place, apparently on the site of one of 
the old channels, where the sand might be supposed 
to be less consolidated than the rest. This was soon 
made up again, and it was found that so much sand 
had rushed in from seaward, that it had very bene- 
ficially raised the surface of the intake. The fiorin 
was again planted and the surface drained by open 
grips, and the pasturage is extremely good and 
yearly improving, the white clover and good grasses 
appearing spontaneously, especially where the drop* 
pings of the cattle supply the seeds, there being a 
large extent of sand-hills attached to the intake 
where the cattle range, and which affords a shift 
or change, though they prefer the intake in bad 
weather, it being sheltered by the sand-hills. The 
whole is capable of maintaining 160 head of cattle, 
viz., 40 four-year old beasts, 40 three-year olds, 
40 two-year olds, and 40 calves; but its present 
stock is not quite so great, some dry cows and 
some horses being grazed, for which the portion in 
meadow cuts yearly about 75 tons of hay, besides 
about 50 acres of tillage, on which about 12 to 15 
acres of very fine potatoes are grown yearly; the 
course being, potatoes 1, — potatoes 2, — oats 3, — seeds 
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mown 4, — seeds fed 5, — seeds fed 6. The cattle 
are housed in yards with sheds^ and 30 w^ere se- 
lected either for the butcher, or to be stall-fed this 
winter (1844), with the potatoes and hay, half of them 
here, and the others on another farm. Of the soils, 
the bog has become the tillage; the rich black mud 
has become the chief meadowing; the sandy and 
gravelly black slob is pasturage, good in proportion 
to its drainage; and the shelly sand is the same 
where low, and where high, is disposed to blow into 
sand-hills, provincially called "stooks,*' which become 
slowly covered with grass. 

These are the leading facts of the embankment, 
drainage, and reclamation of this intake, but there 
are some circumstances of an interesting nature at* 
tending it, which deserve to be recorded. 

The slobs or shore lands, thus embanked, were 
part of an extensive mountain property, very thickly 
peopled with small occupiers, who, in consequence 
of the great and sudden fall of times, t. e. the prices 
of the produce of land, from 1813, got into arrears; 
their rents were reduced, and it was thought that if 
they could be brought to render the arrears in 
labour, a change might be wrought in their moral 
Condition, which was very low. This they did will- 
ingly, the better tenants by their cotters, and the 
smaller by themselves, each man receiving instead 
of money a ticket to be booked for a day's work. 
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and in this manner several thousand pounds were 
worked out; and the smaller tenants have ever since 
continued to work out such a portion of their rents 
as it might not have been easy for them to pay in 
money^ by reason of the smallness of their holdings 
and the wildness of the country. This undertaking 
was not a speculation for pecuniary gain ; we shall not 
therefore go into the question of expense, except to 
say that it is judged to be already paying a good 
interest on the actual money expended; but for 
other more important purposes it has succeeded 
admirably, viz. the marked and highly beneficial im- 
provement of the habits and character of a large 
population, and a vast improvement in their farming 
and their farms. 

[This bank has, since the above account was writ- 
ten, blown up in consequence of Otters having formed 
a lodgement amongst its materials.] 

11. Some embankments have taken place under 
1 and 2 Vict., chap. 87, a special Act for that 
purpose, along the shores of Lough Foyle, in the 
county Deny, Ireland, which seem likely to prove 
but the commencement of similar, or perhaps more 
important undertakings, in that highly improvable 
country. About 3500 acres have been excluded 
from the sea on the south side of this Lough, and 
as the soil in general affords every indication of the 
highest fertility, great ultimate returns are expected. 
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Two different modes have been adopted by different 
parties in this undertaking; one having raised his 
bank by barrows and planks with the soil of the 
shore on the spot, which is a sandy silt or sea-mud 
drying into a whitish shelly sand composed of very 
minute particles; the other party having run out 
his earthy material and stone from the shore, upon 
tram-roads and waggons, drawn both by horses and 
locomotive engines. The whole face of the bank 
from foot to top is pitched with stone 18 inches 
deep^ set edgeways, with a slope of about 4 to 1 
more than half-way up, and then somewhat steeper 
to the top, which is 4 feet wide. The spring tide 
here rises 9 or 10 feet, but the outbursts are great, 
and the top of the banks will be^ say 16 feet above 
the low-water line. 

Both parties have experienced those accidents to 
which these undertakings are subject, viz. very high 
tides before completion washing away material, lead- 
ing to the conclusion that it is better to make up 
the bank to its fiill height at once as it proceeds^ 
and also the conclusion that sufficient height is the 
one thing needful, and that the want of it is the 
rock upon which all these kinds of works are most 
likely to split; an error which will, in cases under 
notice, be carefully guarded against^ so far as skill 
and capital can effect such security. 

12. The Report to Parliament of the Commis- 
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sioners of Woods and Forests, 1838, gives the fol- 
lowing account of Sunk Island, on the Humber, an 
estate entirely gained from the sea: 

"This estate has been gradually formed by the 
accumulation of the warp or soil deposited by the 
river Humber, It was first granted on lease, on the 
18th December, 1668, to Anthony Gillry, Esq., for 
a term of 31 years at a rent of J65 per annum, 
when it was described as containing 3500 acres of 
drowned ground." He was to embank 100 acres 
in ten years, but failed to do so; and in 1675 a 
new lease was granted of 99 years at the same 
rent^ and in 1744 there had been embanked 1560 
acres. In 1755 a new lease was granted at a fine 
of 1000. guineas and same rent. In 1771 another 
lease was granted at a fine of & 1550 and £100 
rent, expiring 15th March, 1802; previous to which 
a survey was made by the Crown, finding 1561a. 
Ob. 14 p. embanked, and 2700 acres fit to embank 
at an estimated cost of £8940, 18^. Orf., or say 
^10,000. The estate would then be worth £3400 
per annum — tenant to do this, and to pay 
£ 704. 28. 6d. first year, £ 2000 for the second year, 
and £3190 per annum for the rest of the term for 
31 years from 5th April, 1802. This term expired in 
1833, when there were 5929a. 1r. 13 p. of land of 
excellent quality in fifteen farms. The Crown then 
valued the estate at £ 9814 a-year, but the tenant 

I 
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contended that it was only worth £5205, and it 
was ultimately let to the occupying under-tenants at 
£9140. 10^.; tenants keeping all banks^ jetties^ 
and other sea^efences in repair^ and to lay out 
£8793. 9^. Sd, in various requisite buildings. In 
1831 the Crown built a churchy and endowed it 
with £250 per annum; and in 1836 the Crown 
gave £ 5000 towards making a road to Ottringham. 

It may be remarked of these examples; — 1st, 
That their usual mode of construction has been in 
right lines of 3 to 5 feet base to 1 perpendicular, 
and 4 to 5 feet top, 2nd, That such a construction 
adopted with regard to a bank of 17^ feet high, 
like that shown in the diagram a, p. 26, would give a 
sectional area of nearly 1000 feet; whereas the 
cBagram but little exceeds half that quantity, yet is 
more effectual. 3rd, That the actual cost of raising 
the earth-work of these banks was under sixpence 
per cubic yard, whereas we have calculated the cost 
at twice that rate of expense, so as effectually to 
cover the cost, not only of the most difficult cases 
of embankment, but also to allow amply for the 
effect of tides in washing away the material, and 
causing repetitions of the work. 

IS. Monsieur De Luc, the well-known scientific pro- 
tege of Queen Charlotte, consort of King George III., 
has already been quoted as to the singular mode of 
facing sea-banks with straw ropes. He gives in the 
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1st voL of his 'Geological Travels/ 1810, and for geolo- 
gical purposes, a very diffisise bat interesting acconnt of 
the embanked marshes and other low lands of the 
coast of the North Sea at the months of the Eyder and 
Elbe. We shall therefore condense his account for 
the benefit of embankers, using as much as possible 
his own words, — first, howerer, premising that the 
extent of the sea-banks on these coasts is not less than 
350 miles, and the area of marsh lands considerably 
aboTC half a million of acres ; that the usual height of 
these banks is 20 to 22 feet above low-water mark, and 
the rise of tide 13 feet, the width of the top being 12 
to 18 feet in many parts: on some of these banks two 
loads of hay can pass, and they form in wet seasons 
the chief roads of the marsh districts, although many^ 
towns and villi^es are built in them. 

De Luc traces the history of these embankments ta 
so early a date as when the unsettled tribes called '' Sea- 
Warriors,'* having gradually planted themselves on the 
marshy islands, were swept ofi* to the number of 600, — 
they being ignorant of the dreadful effects of a certain 
association of circumstances, rare indeed, but when oc- 
curring, absolutely destructive to the marshes. This 
association consists of an extraordinary elevation of the 
level of the North Sea from the long continuance of 
certain winds in the Atlantic, with a violent storm 
occurring during the tides of the new or full moon, for 
then the tide rises above the level of all the marshes ; 
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and before they were secured against such attacks, the 
waves rolling over them and tearing away the grass 
which had bound their surface, they were reduced to 
the state of mere banks of sand and mud, whence they 
had been drawn by the long course of ordinary causes. 
Such were the dreadful accidents to which the first set- 
tlers on these lands were exposed ; but no sooner were 
they over than ordinary causes began to act, — the sand- 
banks rose, their surface was covered with grass, the 
coast was thus extended, and new islands were formed, 
—-time effaced the impression of past misfortunes, and 
those amongst the inhabitants of these dangerous soils 
who had been able to save themselves on the coast 
ventured to return to settle on them .again, and had 
time to multiply before the recurrence of the same 
catastrophe. The first step in the progress of sea- 
banking seems to have been to raise mounds of earth 
in the centre or other highest parts of these marshy 
islands, and for the people to reside with their families 
and cattle upon these mounds, letting the tide flow 
around them ; and there are still such islands so inha- 
bited by many families, forming parishes with churches, 
|ind those islands are called " haUiffsJ^ 

The marshes continued in this state for a long 
period, during which such catastrophes as those men- 
tioned above occasionally took place. It was after one 
of these that the enclosing of these marshes by sea- 
banks, waUs, or dikes, was first commenced. They 
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dug ditches around all the marshes^ heaping up on 
their exterior edge the earth that was taken out^ and 
thus they exposed to the sea dikes of 8 feet in height. 
After this they undertook to unite the islands with 
each other by dikes or banks surrounding the higher 
parts of the sands lying between those islands ; these 
dikes were called hoogs^ and they gtithered soil very 
fast^ because the sea there conies up very turbid^ and 
deposits a great sediment before the ebb of tide, and 
this has been the rise and progress of the art of build- 
ing dikes along all the coasts of the North Sea, particu- 
larly those of Sleswick and Holstein. But the grounds 
thus gained from the sand-banks were very insecure, — 
these people, though they had inhabited them more than 
ten centuries, had not yqt understood that combination 
of fatal circumstances above described, against which 
their dikes formed but a very feeble rampart. After 
several serious demonstrations of this insufficiency 
occurring at intervals of 39, 44, and 46 years, an out- 
burst of the sea, happening at 12 years from the last 
considerable event of that kind, swept off 10,000 of the 
inhabitants. In 86 years more, seven entire parishes 
were destroyed, and in 38 years more, two considerable 
embanked islands were overwhelmed; afterwards at 
two periods great outbursts and damage took place, and 
during a long period of time the inhabitants who sur- 
vived these catastrophes, and their successors, were so 
much discouraged, that they attempted nothing more 
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than to surround with dikes like the former audi 
spaces of their marsh land as appeared to be the least 
exposed to these ravages^ leaving the rest to its fate* 
But the common course of causes continually tend- 
ing to extend and to raise the grassy parts of the 
sand-banks, and no extraordinary combinations of cir« 
cumstances having interrupted these natural operations, 
later generations, further advanced in the arts, under- 
took to secure to themselves the possession of these 
new grounds. Sixty-three years after the last great 
catastrophe they turned their attention to the stoppage 
of these ravages, which the sea was still making in con- 
tinuation of its former devastations, by cutting creeks 
and enlarging former breaches. In the front of all these 
creeks they planted stakes, which they interlaced with 
osiers, leaving a certain space between the lines. The 
waves thus broken could no longer do injury to the 
marsh, and their sediments being deposited on both 
sides of this fence, very solid fcreUrnds were soon 
formed. In 25 years more they raised the dikes con- 
siderably higher, employing wheel-barrows for the first 
time for this purpose ; they much enlai^ed and deep- 
ened the interior canals (the delph) in order to obtain 
more earth, not merely to add to the height of the 
dikes, but to extend their base on the outer side. 

But the nfarshes became in as great danger on the 
side towards the Continent as on that open to the sea, 
because the livers coming down between the embanked 



»XA3CPi«S6. 199 

island marshes and the sea were injurious to the dikes ; 
it therefore became necessary to join the islands to the 
mainland, but with a sluiced channel to let off the land 
waters. 

Under these improvements and the use of straw 
ropes^ a comparative degree of security and repose was 
enjoyed for the space of 119 years^ when the sea rising 
to an excessive height, carried away during a great 
tempest the hoogs constructed between the islands of 
Pellworm and Nordstrand^ which have ever since 
continued distinct islands : it also attacked Ditmarsh, 
and its ravages extended over the whole coast, 120 
miles in direct length, and as far as the very extensive 
slands of Jutland. The Government then interfered 
to the assistance of the sufferers, and sent engine^s 
to repair the banks^ bringing them somewhat to their 
present dimension. 

De Luc describes the mode of preparing for new 
intakes by joining die mud and sand banks accumu- 
lated outside to the dike by means of small banks not 
quite so high as ordinary top of tide, with openings 
here and there, by which the receding tide passes off 
slowly and deposits its sediment: he says, ^^This 
junction of the foreland with the dike is very essential 
to the safety of the latter, and for the purpose of 
producing forelands before this dike, where none are 
naturally formed, rows of small dikes are raised in the 
water in a direction across that taken by the tides. 
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and in general by the waves. This operation is began 
by planting double lines of small stakes, not rising 
quite to the common level of high water : these stakes 
serve to confine the clay of which the dikes are formed, 
their upper surface being covered with straw ropes. 
The tides and waves pass over these smaller dikes^ 
but as it is only through some openings that they 
can retreat, they deposit their sediments in the intervals 
between the dikes, and when these sediments are 
accumulated nearly to the high-water level, vegetation 
begins to overspread them; the spaces are quickly 
filled quite up, and a solid soil is formed. 

During great storms with certain winds, if the turf 
is once torn away in any part, the thickness of the 
dike by no means secures it from being bored entirely 
through, and the water rushing in at this opening 
pours down in a torrent upon the marsh, producing 
there a vast excavation at the point of its fall. If, 
however, after the storm is over, the lower part of 
the dike is found not to have been attacked, the 
accident is not of great consequence; the water let 
in upon the marsh runs off at low water; a number 
of men with wheel-barrows soon raise a barrier against 
the high tides, and the dike is afterwards completely 
repaired. But if the very base of the dike has been 
excavated, much more labour is required; the dike 
can neither be built in the same place on account of 
the soft state to which the ground is reduced, nor 
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conveniently within the marsh, because a recess would 
then be formed into which the waves would rush 
mth increased force ; a basis must therefore be formed 
for it without on the foreland, a portion of which 
is enclosed with a wide curve. The excavation is 
thus left within where it occasions no danger, not 
containing water of sufficient extent to be raised up 
in waves by the wind, and it is soon filled up with 
reeds. The first step of this operation is to construct 
a small dike against the high tides, and the principal 
dike is then formed within it. 

All these intakes are made between the rivers coming 
down from the high lands. 

The sluices are the points where the dikes require 
the greatest vigilance; supervisors are lodged near 
every sluice within the dike, and are provided with 
all the necessary tools and materials, that they may 
be ready to repair even the smallest breach. These 
openings are secured by a very strong wall, but as 
this could not stand if it had no other foundation 
than the soil of the marsh itself, large blocks are 
sunk in that soil^ in order to render it firm. But 
the points of junction of these walls with the dike 
must never be neglected, for hard and soft bodies 
do not unite, and the turf which serves as a rampart 
to the dike will not unite to the walls. Now, if 
during violent tempests the waves should find the 
smallest aperture in these points of junction, they 

I 5 
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would dilute the earth and make their way entirely 
through the dike. The sluices which dose these 
openings move in grooves made in the walls. In 
summer time nothing more is commonly necessary 
than to keep them shut to exclude the high tides; 
the rain waters are carried sufficiently off from the 
marsh by evaporation, and thei water in the drains 
is even maintained at a certain height^ in order to 
preserve such a degree of moisture as may favour 
the growth of the grass^ and preserve the ground 
from cracking. In rainy weather^ or during the melting 
of the snows^ each sluice is raised by a windlass 
at the moment when the level of the sea has sunk 
below that of the marsh, the water of which thus 
runs off till the rising tide has nearly reached the 
same level, and the sluices are again Let down. 

In using the straw-facing , the men employed kneel 
with their backs to the sea, having beside them 
bundles of straw, of which they make ropes an inch 
or two in thickness. When they have made one 
About a foot long, they press the middle part of it 
into the soil of the dike to the depth of several 
inches with a kind of forked chisel, the two points 
of which prevent the rope from opening while 
pressed down by the fiat part between them. With 
that end of it which remains out, they inter- 
weave fresh straw, and when they have lengthened 
sufficiently, they again press it down into the dike 
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at the distance of 5 or 6 uushes from the former place. 
This work is carried on all along tiie dike from 1^ 
top to the bottom^ eadi new rope being laid close 
to the preceding as regularly as in a beehive* The 
grass soon springs up between the straw ropes^ and 
after a certain time entirely conceals them, but when 
diey become rotten they are no longer of use. 

These outbursts are matters of great interest to 
those who engage in embanking lands from the sea. 
On the eastern coasts of England they usually 
happen in off-shore winds, but after an in-shore 
wind has prevailed for some time. Thus the Dean 
(sandy dunes) of Yarmouth is inundated with a west* 
erly wind suddenly occurring after a long-continued 
easterly wind, and the moon new or full. Without 
attempting the rationale of this phenomenon, we 
may hazard the conjecture that the east wind, toge- 
ther with a spring tide, having given the sea a 
s^ong tendency towards the land, the west wind, 
blowing at an angle of 45° against the sea at some 
little distance from the land, prevents its falling, and 
the wind losing its force in blowing over the land, 
does not prevent the sea rushing with unusual vio- 
lence towards the land, as into a comparative vacuum. 

14. Mr. Vancouver, in his Report of Devonshire, 
made to the Board of Agriculture in 1813, says, 
that his experience in such matters in Ireland, Hol- 
land, and America, enables him to conclude, that a 
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crude tough black sea^mud is^ when dry, the most 
rigid and intractable of all argillaceous compounds^ 
and quite unfit for embanking, but that salt marsh, 
properly so called, when ripe and ready for embank- 
ment, is the mildest, most temperate, and perma- 
nently fruitful soil of any ; but before its embankment 
it should have been raised by tidal accessions to 
nearly, if not quite, the height of the ordinary flow 
of spring tides. In proportion as all embankments 
from the sea have been made between these points 
of high and low water mark, they have answered 
or disappointed the views of the undertakers. 

Mr. Vancouver gives an instance of an eligible subject 
for embankment in Braunton, near Barnstaple, as a 
level of very fine salt marsh, which in a long suc- 
cession of ages, by a constant and regular deposition 
of sediment made by the tidal waters, appears to 
have risen to nearly the highest level of ordinary 
spring tides. The upper soil of this marsh consists 
of a tender, rich, soapy, hazel-coloured loam on a 
subsoil of silt or fine sand, below which a coarser 
stratum of sand occurs, in which gradations it seems 
to have arisen from a dark blue or rather black tena- 
cious gait or clay, the usual character of common 
sea-mud. 

The marsh has an area of about 1200 acres; it 
is covered with a carpet or fine matting of all the 
plants and grasses peculiar to such situations, and 
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is subject to be occasionally submerged to a slight 
depth by the tidal waters. He further says, "The 
tender hazel-coloured loam which forms the soil of 
&11 salt marsh ready for embankment being formed 
of animal and vegetable exuvia, combined with the 
finest particles of terrene matter that the tidal waters 
could hold in suspension, can never fail yielding the 
most ample returns when rescued from the ocean.^^ 
Also, ^^ A tract of salt marsh ready for enclosing was 
observed near the mouth of the river Otter, having 
arrived to nearly the highest level of spring tides, 
and covered with marsh samphire, thrift, ladies cushion, 
and a luxuriant growth of artiplew partulacorides.^' 

15. Arthur Young, in his Report on the county 
of Essex, I8O7, has the following passage: '^As a 
guard to a sea-wall much exposed and newly re- 
paired by Mr. Dudley (afterwards Sir Henry, before 
quoted,) he attempted to give a new direction to a 
shifting bank of shells, to convert it into a defence 
and security to his wall: for this purpose he made 
a fagot hedge in the sea-ooze, to retain the shell 
sand, and finding it to take effect, he made a second, 
4tnd the bank shifts, though slowly, to his will.'' 

16. In the same author's Report on Lincolnshire, 
1799^ he has the following remarks on this subject: 
'^ Ten thousand acres have been saved from the sea 
in the parish of Long Sutton, and 7000 more might 
now be taken by altering the channel of the river. 
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^^ Holland Fen (many tiiousaad acres) is a cofintsy 
that absolutely exists but by die security of ite 
banks ; they are under Commissioners, and very well 
Attended to/' 

^^In taking in new tracts by embankment, it is 
always an object of consequence to determine the 
appropriation of ^e land. At Winteringham (SO 
miles up the Humber) the failure of beans sown 
the second year after excluding the sea seemed 
•owing to the too great softness of the soil, although 
the beans were good where tlie drainage was best 
on the highest «pots, but in flat places none/' He 
thought the land should be pastured for three years 
after excluding the sea, after which ploughing will 
succeed. Great tracts of valuable land remain yet 
to be taken in from the sea about North Somer- 
coates, and other places on the coast (of Lincoln- 
shire),— the sea ebbing out for two miles; every mile 
of coast, therefore, has 1280 acres of frontage. Bat 
I do not find that any experiments have been made 
in Sir Hyde Page's method (a great engineer of 
tiiat day) of making hedges of gorse fasdnes, and 
leaving the sand to accimiulate itself into a bank — 
altiiottgh the natives have observed, that if a gorse- 
bush, or any other impediment, was by accident met 
with by the sea, it was sure to form a hillock of 
sand. 

^^ South Holland, grossly estimated at 100,000 acres 
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within the old sea-dike bank, has long been an object 
of embankment. Bavenbank, the origin of which is 
quite unknown^ appears to have been the third whidb 
had been formed for securing a part of this tract 
from the sea. About six miles nearer to the sea is 
the old sea-dike bank, unquestionably a Roman work. 
The origin and date of the fifth bank, called the 
New Sea -Dike, two miles nearer the sea than 
the Roman, is unknown. The new or sixth bank, 
made under an Act in l792y encloses a breadth of 
two miles more, and in taking the requisite levels 
it was found that the surface of the country at the 
Roman bank suddenly rose six feet higher on the 
sea side than the land side, and continued so to 
seaward, being the depth of warp or till deposited 
by the sea since that bank-was made.'' 

17* Embanking lands on the Humber and Trent 
is often but a prelude to the process of warping, 
of which Sir G. Head, in his ^Tour through the 
Manufacturing Counties,' gives the foUowing account : 
^^The process is performed by subjecting the lands 
to be warped to the ingress and egress of the tide, 
until by a gradual accumulatipn of strata, one, two, 
three, or four feet of mould, as may be required, ave 
deposited over the barren waste, and what was before 
a heathy moor, is converted to a state of exuberant 
fertility. The excessive richness of the crops and 
soil were most extraordinary ; the wheat, beans, flax. 
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and potatoes were wonderfully fine; and the soft 
black friable earth in rows along the roots of the 
potatoes might have passed, every particle of it, 
through a fine hair sieve/' 

In one case of embankment and warping on the 
Trent, 184 acres of peat moss were embanked, and 
took 150 men 8 months. The tide was let in for 
three years, the water 5 feet deep, and the warp was 
raised from 1 to 4 feet. It took one year to settle, 
then was sown with grass seeds at the end of summer. 
In July following it was covered with white clover, 
and fed 70 horses, 36 oxen, and 160 sheep, but (pur- 
posely and judiciously) much understocked. After 
three or four years it was to be ploughed. The 
ploughed warp-lands produce immense crops so long 
as their freshness continues; the rotations are, — 
1 oats, 2 oats, 3 fallow for rape (fed off), 4 wheat, 
5 oats, 6 rape, 7 wheat, 8 beans, 9 wheat, or per- 
haps a repetition for many years of 1 beans, 2 wheat. 
.Potatoes for the London market formerly yielded a 
good return, and then wheat was grown 6 to 8qrs. 
per acre, beans lOqrs., oats 10 to 12qrs. per acre. 
Warp-lands have been sold since the >^ar prices at 
jSIOO per acre, and when exhausted they are often 
renewable by fresh warping. 



X. OF THE REPAIR AND SUPPORT OF OLD 

SEA-WALLS. 

The repair and support of sea-banks is a matter of 
great concern to those who possess marsh or sea- 
shore estates which depend on such banks for their 
safety by exclusion of the sea. In such cases^ large 
drawbacks are often suffered from the rental of such 
estates^ and these drawbacks have a tendency either to 
increase or to diminish^ according to the degree of 
skill and judgment with which the banks are treated. 
We shall now therefore endeavour to impart some use- 
ful portion of that experience on this matter, which 
has been the growth of a long professional life, very 
specially and extensively engaged on this particular 
subject, chiefly in Essex, Suffolk, Norfolk, and Lin- 
colnshire, but also on other parts of the coast, where 
altogether many thousand acres of rich land are 
defended from the encroaches of the sea. 

The sea-walls in these counties are commonly banks 
of earth with little slope to seaward, and as steep to 
landward as the clay or earth with which they are 
raised will permit. They are generally swarded over 
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with grass of some kind^ but couch grass or twitch 
forms not only their general^ but their best covering 
and protection^ from the matting nature of its roots 
and its distastefuhiess to cattle, enabling it to renew 
itself plentifully by seed as well as root. Most of 
these banks have existed for ages^ but the steepness 
with which they were originally constructed has fre- 
quently caused the assaults of the waves to break away 
the earthy matter in their front, and to make deep and 
dangerous impressions in the body of the bank. In 
other cases the banks, of sufficient height at first, have 
become lowered by the tread of cattle, and the shrink- 
ing and atmospheric waste of the material, so as to 
become overtopped by the tides, and the lands they 
protected have been drowned, either with or without a 
breach of the bank itself. These occurrences have 
occasioned and rendered necessary a constant atten- 
tion to the facing, strengthening, and topping of the 
banks. 

The ancient and still practised mode of protecting 
the face of the bank was by rows of piles driven closely 
into the face of the bank; the rows about 18 inches 
apart, forming what were called ^^ rooms/' which were 
filled till within the last twenty years with hard chalk, 
but since with stone ; and I have known fourteen of 
these rooms, one above another, to protect the face of 
a sea-wall. 

But within the fatst twenty years it has become 



BBPAI&INO SKA-WALLS* 211 

pretty generally understood that in the face of a bank, 
a slope to seaward affords a greater degree of security 
than these tiers of piles and rooms of chalk, and that 
such slopes are less expensive to maintain, since the 
piles were constantly requiring to be renewed and the 
chalk was continually crumbling away. In all new 
sea-banks, therefore, totally new principles have been 
adopted in their construction, and the best of these 
principles we have already developed in the pre- 
ceding pages; but as there still remain some hun- 
dreds of miles of sea-bank built and maintained upon 
the old principles, we proceed to explain some of the 
chief features of their usual, as well as their proper 
treatment, under the heads of — 1. the facing; 2. the 
topping; 3. the siding and delph ; 4. the foreland and 
footing. 

1. In speaking of the facing of a bank we must con- 
sider the subject under the heads of (a) earth-work ; 
(b) turfing or sodding; {c) pile and stone-work; {d) 
thatch-wood-work; {e) wharfing; (/) stone only. 

(a.) In strengthening the facing of sea-walls with 
earth-work, when that material is sufficient, the objed; 
should be to bring the face of tiiie bank to as much of 
a slope as possible, and then to cover its surface with 
any kind of vegetation that may be observed to be 
adapted to the nature of the soil, such as ray grass and 
couch grass ; or, if the earth be brackish, with such 
maritime plants as may be found in the vicinity. This 
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vegetable covering is of great value, and will often 
supersede the necessity of the more costly protection 
of stone, &c.; and even the great engineer, Rennie, 
did not disdain the use of this natural ally to his 
works. It also often happens where clay sea-banks are 
found, that there exists in their vicinity shingle banks 
and shores, and the spreading of this material on the 
clay face of a bank, striking and pressing it in whilst 
still moist, could not fail of giving it much stability. 

The labour attending the removal of heavy clay is 
measured either by the floor or by the cubic yard ; the 
floor is the most local, and the cubic yard the most 
scientific and universal measure. Of the labour upon 
the cubic yard of earthy matter, some extremely valu- 
able testimonies have been already given in the fore- 
going pages. The floor of earth differs locally as the 
perch differs; thus the statute perch is 16^ feet, whilst 
the marsh or sea-waller's perch is in some places 
18 feet, and in others 20 fdet. So the floor of earth 
being the square of the perch, and 1 foot deep, is 
either 324 feet (generally in practice 320 feet), or 
400 feet, as the one or the other perch may locally 
prevail. It is important to recollect this in putting 
out or settling, for walling-work, since otherwise much 
confusion and misunderstanding may arise, and sea- 
walling being done at so much per floor, may inadvert- 
ently be measured and paid for by the square of the 
statute perch or rod.of 272 square feet, instead of 320 
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square feet or 400 feet, as the case may be. The floor 
in most general use is that of 400 feet, which contains 
a trifle less than 15 cubic yards, and that quantity is 
generally calculated. The floor of 320 feet contains 
rather less than 12 yards cubic, and for the sake of 
uniformity it is highly useful to reduce these local 
measures into the more universal denomination of 
cubic yards. 

The labour attending sea-walls is performed by gangs 
generally consisting of six runners to two fillers, a lad 
to clean barrows and planks, and three men to pack 
on the bank, — ^these proportions, however, somewhat 
difiering with weather, length of run, and other cir- 
cumstances. 

A '^ run^^ is the space or distance which a man will 
run a barrow-full of earth upon a plank without stop- 
ping. This on a tolerably level plane will be 100 
yards, but as the height rises it will be less. A stout 
man will run the distance of 100 yards about 9 cubic 
yards occasionally, but 6 yards generally, per day, of 
heavy clay. A man will pack or " store ^^ nearly as 
much as three men can run. This is called also ^^ flood- 
flanking/^ and by this operation the ^^ spits ^^ of earth 
are made to fit, and the sorts of earth mixed properly. 
To gain a " height '^ the planks are placed on one or 
more square open boxes, which are called ^^ boa;- 
/lorsesJ* 

Now according to observations and experience of 



214 REPAIRING SCA-WALLft. 

sea^walling^ a floor of 320 feet may be run and packed 
for 5». 6d,y or 5^d, per cubic yard. But 6s. per floor 
of 320 feet^ or 7^» ^* per floor of 400 feet, being 6d. 
per cubic yard, will cover every expense, — ^allovr a fair 
profit to the head waller for the use of his planks, bar- 
rows, and box-horses, and the laying out of his money 
and time of superintendence, and enable hard-working 
men to earn good wages, whilst the run is within 100 
yards, and nearly level, — and this also allows for inter- 
ruptions by the tide. 

But in cases of removing yielding earth on dry land, 
without interruptions of water, it is worth one penny 
per cubic yard to dig up, and about threepence to 
barrow, 100 yards. And for a good digging soil, 48.6d^ 
per floor is a good price for a floor of 400 feet, to be 
moved 100 yards, which is threepence halfpenny per 
cubic yard. 

But the labour of moving earth increases so much 
with the increase of he^ht and distance, that it will 
amount in some cases to I2s, per floor, or 9^. per 
cubic yard, to perform it with planks and barrows^ 
even without the interruption of water. In most 
such cases, however, as we are now contemplating^ 
viz. the repair of sea-walls, the earthy matter requisite 
for that purpose may be removed and placed in the 
required position, with due care, for sixpence per 
cubic yard. 

(6.) Turfing or sodding the earthed hce of sea- 
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banks is a common and very useful practice^ when the 
sward is sufficiently plentiful for that purpose. Count 
Bentinck's sea-bank^ in 1800^ cost to sod^ according 
to Arthur Young, something more than 4*. per floor 
of 400 square feet, or about one penny per square 
yard^ and the men earned 5s. 6d. to 7^. 6d. per day. 
This is the sum allowed in estimating railway work, 
which includes ^^ re-sodding,*' i. e. taking off and re- 
placing sod on the regetable mould. 

(c.) Piles and stone -facing have already been 
mentioned as formerly constantly employed, and still 
much in use for protecting old sea-walls; and these 
have been described in general terms, as consisting 
of tiers of piles driven close to each other, in rows 
about 18 inches apart, row from row, the foot of one "^ 
tier being nearly even with the middle of the piles 
of the tier below, and the space between the tiers 
filled with chalk or stone, and these rooms, as they 
are called, succeeding each other from the bottom 
or foot of the bank to its top. In Essex, piles are 
cut out of small oak or other trees, or the tops of 
larger trees. Oak piles are of three lengths, viz. 
4, 5, and 6 feet, and the number reckoned to a hundred 
differs according to the length; thus, fourscore of 
6-foot piles make the hundred, fivescore of 5-foot 
piles, and sixscore of 4-foot piles. This brings the 
price to the same for each length, and on the spot 
where they are to be used they may be reckoned at 
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{d.) By thatch-work facing we do not mean that 
mode of facing sea-hanks with straw^ to which we have 
alluded in the preceding pages^, as practised at the 
mouth of the Eyder^ nor any of those other modes 
which might he practised perhaps with a certain 
degree of temporary success; but we allude simply 
to a mode of facing sea-walls with brushwood^ whidh 
we have seen, and indeed largely practised on the 
coast of Essex, and which is there called ^^ thatching/' 

This peculiar mode of sea^efence has peihaps been 
adopted in consequence of the great quantity of wood- 
land in the immediate neighbourhood. The general 
description of this facing is that of fagot-wood arising 
from underwood of 12 or 14 years' growth, cut and 
bound to nearly its full length, and, being spread over 
the face of the bank lengthways up and down, is kept 
in its place with strong piles which are driven amongst 
it, — these piles. having holes bored at their head to 
admit a cross pin which presses tightly on the fagqt 
sticks, and these sticks receive the wave, break and 
disperse it, and prevent its tearing away the eardi 
beneath them to any serious extent. This covering 
does not, however, prevent the constant or frequent 
surging of the waves from carrying away a certain por- 
tion of the earthy face of bank, and then the wood 
becomes loose, and almost useless, and requires to 
have fresh wood drawn in, and the piles driven 
afresh. 
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It takes about 50 or 60 fagots to cover a square 
perch of 320 feet with this kind of thatch^ and also 
50 piles; the pins are generally of chestnut^ of 
which there is much in the neighbouring woods^ 
growing on stubs as underwood ; they are either found 
in the fagots^ or brought separately for the pur- 
pose^ and the cost may be estimated, as under^ per 
square rod of 18 feet square: 





£ 9. 


d. 


1^ load of fagots at 148, , 


1 1 





50 strong piles at 6d» 


I 5 





Labour 


10 






Total . . . 2 16 

And when it is considered that the brushwood of 
this kind of protection seldom lasts more than 
two or three years, and is not unfrequently carried 
away in less than one year, although the piles may 
be more long-lived, we shall not be understood as 
describing this kind of sea*defence in order to its 
recommendation, but rather the contrary; especially 
as in one case the head sea^waller kept a public 
bakery, and had the old ^^ thatching^ as his perqui-^ 
site; and in another instance a small marsh district 
was thus defended, the sea-wall of which sometimes 
cost more than the rental of the land defended, 
and almost always the larger moiety of the renl^ 
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whilst the long-continued contractor for the Wood 
and work was said to be worth £40^000. 

Still it may happen that such a mode of facing 
itiay be judiciously adopted, in some cases where 
wood is abundant near, and almost valueless from 
the facility of obtaining coal, and especially as a 
temporary expedient, until preparation can be made 
for a more permanent and efficient covering to 
exposed sea-walls. 

But as to a permanent covering, its cost, even 
with the precarious ' prolongation of frequent repair, 
cannot with interest thereon be reckoned at less 
than twenty shillings per annum for every square 
rod of 320 square feet, .an annuity worth in ready 
money full £20, which is a sum many times suffi- 
cient to stone the whole exposed face of the bank, 
as we shall presently demonstrate; and yet where 
this improvident mode has for a long period pre- 
vailed, it may not always be convenient to change 
the habit for a better. 

{e.) Wharfing has been a mode of sea- walling 
formerly practised to some extent on those parts 
of .the coast where timber is plentiful on the estates 
to which such sea-defences belong. This is a method 
of facing sea-banks with stout planking set upright^ 
and the joints backed by other planks, the whole 
being secured by means of land ties and stout con-^ 
necting bats mortised through their projecting heads^ 
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the earthen hank being closely stowed in the rear 
of all^ in imitation of many of the dike3 in Holland, 
where much timbeir is used in the ses^-defences. 
The first expense of these wharfed sea-walls is how- 
ever so great that they are limited to very exposed 
points, and cannot extend very far on those, and they 
have been found, after a lapse of a few years, sud- 
denly to fail in some spots where the planking has 
become decayed; and though the apertures may be 
small, the reflux wave has drawn out with it an 
alarming quantity of the earth at the back of the 
planking, the land ties have become loose, and much 
expense has been required to restore the strength 
of the wall, which it would have been good economy 
to remove, and replace with a sloped bank, faced 
with stone. 

(/.) Stone only has of late years been decided 
on as the best possible material that can be used 
for facing a sea-wall, even in the most exposed 
situations. The kind and cost of the stone best 
adapted to this purpose we have already described, 
but any kind of stone most conveniently obtained is 
applicable to the purpose, and the most convenient 
is the most eligible, because the cheapest. Rounded 
boulder stones should have such a portion of them 
broken into angular shapes as may afford a proper 
key; but every kind of stone admits of some mode 
of stowage which will secure its stability, provided 
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the filope of bank be sufficiently gradual to enable 
it to lie fairly thereon^ rendered stationary by its 
own gravity, without any tendency to slide or roll 
down, the slightest bias to which will greatly assist 
the efforts of the sea to displace it. The proper 
degree of this slope has been demonstrated in the 
foregoing pages to be 5 base to 1 perpendicular^ 
but this is prescribed for new or original banks^ 
whereas it is not always, nor often, possible to being 
steep old sea-walls to such a slope, by means of 
their being set too near the water's edge, or because 
of the expense attending the addition of so mudbi 
material after the original construction. The want 
of slope must, however, be compensated by piling, 
and the steeper the front of the wall, the more 
piling will be requisite to keep the stone in place* 
A slope of 2 to 1 will require rows of piles at 5 
or 6 feet distant along the stoned portion of the 
bank; but at 3 to 1 slope, these rows need not 
be closer than 10 feet apart, or if the soil be favour- 
ably stiff, fewer piles, or even none; and at 4 to 1 
tiie stones will be secure without any piles; there- 
fare in such cases as require some amendment in 
the important feature of slope, the greatest efforts 
should be used to gain as nearly as possible 3 to 1 
at least ; and if this can be effected, a concave form 
of facing will be preferable to a straight (me, such 
form nearly corresponding to that of the diagram a. 
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given in p. 26y as for new sea-banks. In a case 
where a large quantity of sea-walling was faced with 
stone^ it took 15 tons of stone to lay a floor of 
320 square feet, one stone deep, or about 9 to 12 
inches, so as to cover the whole surface in such a 
manner as to render the wave innoxious, but still to 
allow vegetation amongst the interstices where suffi- 
ciently out of water. 

The stone and labour cost about 8^. 6d. per ton, 
viz., stone 7*- (in 1844), — ^unloading, carrying, and 
laying. Is. %d. per ton; here then was about S5\ 
square yards done for about 3^. *Jd. per yard, witili 
a very high price for the stone. Referring, however, 
to what has been previously said as to the stone 
facing of new sea-walls, it may be reckoned to be 
as effectually done on old walls, under circumstances 
reasonably favourable for procuring stone, at 2«. per 
square yard. 

It is, however, sufficiently evident that the quantity 
of stone here contemplated applies only to those 
sea-walls which have but an ordinary degree of ex- 
posure to the rage of the ocean. More desperate 
cases will call for a greater weight and better coating 
of stone, although the strength of such banks by no 
means depends on the mere quantity of stone de- 
posited upon them. On the contrary, there are 
instances where the bulk of stone has been the 
chief cause of expense in the repair and support of 
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an exposed sea-bank, because the sea has found it 
easy to displace and roll about a mass of loose 
stones, piled one upon the other to some feet in 
depth. 

In all such cases, it is absolutely necessary, firsts 
to obtain a slope sufficiently flat to allow of each 
stone to rest upon its own gravity, or if this be 
impossible, the stone must be supported by piling. 
^ext, a good and firm bed or foundation must be 
provided, and then the stones must be packed so 
as to key each other, und small pebbles or gravel 
placed so as to insinuate into the interstices and 
bind all together. In such situations also the face 
of the bank should be left tolerably smooth, that 
the wave may have little hold on any sinuosities, — 
precautions so obvious that their mention can only 
be excused upon the score of seeing them every day 
neglected. 

The cost of such stone facing as this latter must 
of course be greatly enhanced; but as a depth of 
18 inches of stone facing will probably be as effective 
as more, — and, if the stones are singly of that 
depth, still more effective than if smaller and col- 
lectively of greater depth, the expense ought not 
to be more than the following statement bears out. 
The medium weight of granite, dolomite, limestone 
and chalk, is within a fraction of two tons per cubic 
yard. Eighteen inches in depth will be one ton 
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per square yard, say at 4^. to 5s. per ton, and the 
laying or placing will cost from ninepence to one 
shilling per square yard, making 5^. to 6^., which on 
35^ yards or a square of 320 feet, being a floor, is, 
say £8 to £10, and which, being permanent, is greatly 
more economical than the more transient modes of 
sea-defence already described. There is, however, 
a precaution in laying the stone in such situations 
which will deserve attention where circumstances 
allow of its adoption, viz. placing small branches, or 
rather twigs of heath, furze, or larch, beneath and 
between the stones, which bind them together as 
one mass, till their position becomes established. 

2. We come now to speak of the maintenance of 
a very essential feature of a sea-bank, viz. its height, 
which is apt to be diminished by the tread of cattle 
and the natural degradation occasioned by rains and 
other causes. The first-named cause of this dimi- 
nution of height ought to be prevented by limiting 
the grazing of sea-walls to sheep; but even in this 
case, the other causes are powerful enough to render 
much vigilance requisite in restoring the lost height, 
before any higher tides than usual cause a ^^drotvn" 
and this is done by the operation called topping, 
or placing a sufiicient quantity of earth on the top 
of the bank. In this operation allowance must be 
made for the settling or shrinking of the wet earth 
generally used, which may be calculated at nearly 

K 5 



226 ftfiPAIBlNO SEA.-WALI<fiU 

one-third of the height to which it is pot on. 
Topping put on 5 feet base, 3 feet at top and 
2 feet high, took about oiie floor (400 feet) to 2| 
rods (21 feet), and cost Ss. per rod, and in some 
cases Ss. 6d. per rod« Another instance of topping, 
18 inches deep, and 4 feet wide at top, took one 
floor to 3 rods, and cost 2s, per rod lineal of 320 
feet. 

3. The back of a sea-wall, and the adjacent 
feature called the delph, or drain and fence at the 
land side, are both important features, and require 
to be managed with care and attention. We shall 
notice each of these separately. 

(a.) The back of the sea-wall has already been 
mentioned as requiring a certain degree of slope, 
not only to give stability to the materials of the 
bank, but to eimble it to derive that support which 
the matted roots of grasses, and other vegetation, are 
capable of giving. In old banks this slope becomes 
lessened in time, and in some cases the bank slips 
down at the back, or it becomes worn by the tread 
of cattle. The back of the bank is also sometimes 
honeycombed by rats, moles, &c., or split by the 
shrinking of the spits or clods originally used in its 
construction, and not properly packed and flood- 
flanked at that time. In either of these cases it 
requires to be made up by the operation called 
^^sidinff/' or the addition of fresh earth to the 
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requisite extent. Sometimes this operation is deemed 
necessary in order to give a greater degree of 
solidity to banks which appear to be deficient in 
thickness or substance. Siding is usually measured 
with a string for the breadth^ and the average depth 
of earth is taken. The earth should be taken from 
the marsh or land side, and is worth six shillings 
per floor; but as the material both of siding and 
fronting sea-walls, when of a tenacious nature and 
used wet, is apt to shrink in drying, and crack so 
as to fall away, a process called " sludging'* is per- 
formed, which consists of plastering up and filling 
Hie fissures with sea-mud. 

It takes about one floor and a quarter to side a 
rod in length, in ordinary cases, and the waller gives 
his men nine shillings per rod lineal, whilst he 
charges eleven shillings to his employer, the two 
shillings being to compensate for his time in super- 
intendence, and his planks and barrows; but in 
another case, seven floors sided a 10-foot wall for 
6 rods in length. The expense of siding must, how- 
ever, of course depend entirely on the quantity of 
material employed, and this having to be more 
carefully placed or packed of unequal thickness in 
places, is worth more than the more bulky work of 
repairing the bank; it depends however much on 
the nature of the earth, its distance, and the quantity 
to be added. 
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{p.) The delph has already been described as an ad-^ 
junct of the sea-wall, and caution has been given not 
to dig it too near the land foot of the wall, this being 
often the cause of the slipping down or bulging out 
of the back of the bank, and of the consequent 
lowering of the top of the wall, thereby occasion- 
ing a necessity for the operations of topping and 
siding. Should this too near proximity be the case, 
it would be good policy to dig the delph anew, 
in the marsh, and fill up the old delph with the 
excavated material from the new one. Such delphs 
would be of ample dimensions if 10 feet wide at 
top, 5 feet wide at bottom, and 5 feet deep, so as 
to stand with 3 feet 6 inches of water at 18 inches 
below the surface. Such an excavation will require 
nearly 25 cubic yards of soil to be thrown out 
for every 18 feet of length, which, at 2^d. per 
yard, will be about Bs. per perch, there being no 
harrowing or packing unless the distance of the 
old delph should require it, in which case the 
work will be extra that of the new delph; but as 
these dimensions will be rather beyond the usual 
distance of a ^^ throw" it will perhaps be necessary 
to give the workmen at least another halfpenny 
per cubic yard for that quantity. 

4. The foot and foreland of the sea-wall are next 
to be considered, and on these adjunct features 
depend much of its security and the expense of its 
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reparation and support. Viewing them as distinct 
features, we may remark, that 

(a.) The foot of the wall to seaward requires much 
attention, for here, like the heel of Achilles, it is 
most Yulnerahle, and here any mischief to it is 
usually commenced by that insidious undermining 
which Neptune is incessantly exercising, in order to 
regain the dominion which has been wrested from 
him. The usual notice of these efforts appears by 
an abstraction of the foot of the bank, causing a 
^^ steep too^^ along its edge; and the usual mode of 
coimteracting this effect was formerly the formation 
of a ^^room^^ of piles and stone in the manner already 
described, even where no other such has been con- 
structed higher up the bank. But it is found that 
wherever this effect of ^^ pecking" the foot took place, 
it is best and most effectually stopped by first 
restoring what was lost, and then stoning the foot 
over a space, broad according to the degree of abra- 
sion, but seldom requiring more than 2 yards, the 
expense of which is expressed in the foregoing 
remarks. This, however, applies only to the foot of 
sea-walls which have a foreland beyond them to sea- 
ward. In cases where no such important feature 
exists, but where the foot of the bank comes down 
to near the low-water mark, or at least where every 
tide lashes the bank foot, it may be neces9ary to 
consider whether a footing of large stones will be 
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sufficient without piles^ which, as before obseired, 
should, if possible, be ayoided, — and whether it may 
not be necessary or proper on sandy or muddy shores 
to form a natural beach with gravel amongst the 
stone. On shingly shores where the pebbly beach 
is alternately accumulating and escaping, it has been 
customary on some coasts to line the foot of the 
wall with what are called ^^ hakes ^^ which are fagots 
staked and pinned down between rows of piles; the 
quantity of material and the expense of which are 
as follows, viz.: 

9. d. 
15 fagots per rod, at 9«. per load of 40 
fagots, in the wood , . • « 3 4|- 

12 side piles'] 

- . ., r per rod, at 35*. per 100 . 6 7i 
7 pm piles J *^ 

Carting, &c« » . • • • 5 



Per rod of 18 feet . . , 15 

But the misfortune of this mode is its want of 
permanency, decaying in three or four years, so that 
it cannot be recommended, and it might be prudent 
in such cases to employ large stones with some piles 
to keep them in place. The foot of the wall should 
also in every case be kept free from those channels 
which are apt to be formed along its line. These 
should be filled up with earth, and the surface 
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brought to an indined plane corresponding with the 
bank. 

{b,) The foreland is extensive on many parts of the 
coast, particularly that of Essex, where in some loca- 
lities hundreds of acres extend beyond the sea-walls* 
lliese are called ^^ saltings/' and the greater the breadth 
of them outside the intake, the more secure the sea*- 
wall is deemed, since they are only overflowed at 
spring tides, and they occasion the sea to come up 
calmly and gradually even when extremely rough 
in deep water. They wash away in some parts of 
the coast and gather in others, and they are gene- 
rally much intersected by "rt/&,*' ^'creeks/' and 
'^channels/' which the tide cuts nearly down to low- 
water level, some of which come up to the foot of 
the bank, and endanger its safety, as previously 
stated. It is of the utmost importance to preserve 
these saltings or salts as foreland, and for this pur- 
pose various expedients are used to check their going 
away, and to fill up the ritts which intersect them. 
For the first, when the foreland has wasted to within 
100 yards, the edges of it are scarped and paved 
with stone, ponderous according to the exposure of 
the place, and other circumstances; and to fill up 
the rills, bushes are placed in them, which collect 
the warp that comes up with the tide; bridges of 
earth or dams are also placed across rills, impound- 
ing small lakes which gradually grow up, and these 
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dams are useful for enabling sheep and cattle to retire 
as the tide rises. 

In a case of very turbid waters at the flow of tide^ 
bushes are stuck into the ground or ooze at right 
^gles with the flow of tide; these occasion a suffi- 
cient degree of stillness to enable the water to deposit 
its suspended warp^ and thus several feet in depth 
may be accumulated to fill up hollows and rills. 

But where there is no actual foreland^ and the 
safety of the land depends on banks either natural 
or artificial whose feet are on the tideway^ and the 
shingle banks are shifting^ it becomes important to 
retain those banks along shore^ in order to avoid 
deep waters swelling on and carrying away the banks ; 
and here some expensive works are requisite, such 
as those called " horses ^^ in Essex, and " groins ^' 
in Sussex and Hants. These are rows of oak piles, 
not less than 6x6 inches, and often 9x9 inches, 
and from 12 to 14 feet long. They are driven into 
the ooze below the shingle at least 6 feet, and stand 
3 feet apart, in such manner that an inch and a 
half elm plank fits between pile and pile, so as to 
have alternate piles on each side of the plank, which 
are spiked to the pile with 12 strong spikes. Three 
paen will drive four of these piles per day; the rows 
extend out for about 10 rods from the shore, and 
are always placed at right angles with it; some 
horses placed at an oblique angle failed, by being 
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broken up the first storm. The effect is to gather 
shingle on, or rather to prevent its escape from, the 
leeward side in winds raking the shore, and the cost 
of some of them in high times has been estimated 
at £10 per statute rod. Their distance must be 
proportioned to the nature of the shore, but 10 to 
15 to a mile are sometimes needed. These expen^ 
sive sea-defences of course constitute a considerable 
drawback upon the revenue derivable from any pro- 
perty to which they are attached; but as they last 
a long time when erected with due skill, this draw- 
back may be reduced almost to a trifie by constant 
care and attention to their support. 

It often happens that some particular projecting 
points are very expensive to sustain, by reason of 
their exposure, although they themselves prbtect a 
long line of bank, and then any mode of retaining 
the beach upon them becomes extremely valuable. 
In a case of this sort in practice, a sluice on 
one side of such a point was lengthened in order 
to obtain a better run to seaward, and the effect 
was to gather the shingle about the projecting point, 
so that it afterwards needed scarcely any repairs. 
The same effect would have happened by means of 
a horse, but as the sluice stood but 2 or 3 feet out 
of the general level of the shingle, it would seem 
that horses of smaller height than those usually 
erected, viz, 6 feet, would have a better effect. 
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It is however worth while to consider and deter- 
mine their absolute necessity, — and this some are 
inclined to doubt^ since the shingle often leaves the 
beach in spite of them; at best they collect it but 
on one side, and for a time only, and where the 
wind is "full on'* the shore, the shingle would 
gather as well without these horses as with them. 

Therefore we may conclude that a stone footing 
to the sand-bank^ which usually forms the sea-wall 
of such beaches, would answer better at less expense^ 
and with greater permanency, although we may de- 
cline changing the established mode. Such a foot- 
ing should be of large stones, secured with good 
piles, and the top of the sand-bank should be care- 
fully kept above the highest wave. 

On the general subject of this head, it may be 
averred, from the experience of many years, and the 
construction of SO miles of sea*walls, that they may 
certainly be brought by judicious treatment to that 
state of safety, and maintained with that degree of 
economy, as to no longer cause either a sense of 
insecurity to property or a serious drawback on its 
reyenues. 

{c.) It remains to mention a source of loss of 
property upon such parts of the coast as are cliffy 
and precipitous, viz. the breaking down of these 
cliffis, and consequent washing away of the valuable 
land upon their surface. These effects are particu* 
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larly injurious upon some parts of the coasts of 
Essex^ where the cliffs are from 20 to 60 feet, and 
more, in height^ and consist of alternating irregular 
veins or seams of the plastic clays, pebbles, and 
sands, of crag, and of London clay, with its septaria, 
selenite, lignite, and pyrites, all confusedly mixed 
either in thick or thin layers, horizontal or con* 
voluted, in lumps or masses, — ^indeed under every 
form, showing the breaking down of those earthy 
matters from deposits formerly entire, their mace- 
ration in the bosom of the ocean^ their agitation and 
partial mixture, and their deposition and final up- 
heaval^ as now exposed to observation by the 
constant assaults of the ocean. But it is not alone 
those assaults that crumble down these mighty masses^ 
and constantly encroach on the fields above. ' It is 
by the aid of land-springs that these injurious effects 
take place; those springs breaking out upon the 
face of the cliff, first loosen the soil, which crumbles 
down to the foot of the cliff, and the sea carries it 
away, thus making way for another avalanche which 
quickly follows, till the top is reached, and that also 
gives way, annihilating for ever perhaps half an acre 
of valuable land. But all these land-slips are not 
caused by springs; some of the minor ones are 
occasioned merely by the wash of the sea at the 
foot of the cliff, lessening the slope and causing 
large portions of it to break down; and this latter 
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effect generally follows the former^ since in the 
spot where the spring operates^ an indent is formed, 
and the sea strives to bring the projections on each 
side to the same line, — those projections becoming 
advanced points of attack. 

The remedy is twofold, viz. 1st, To carry off the 
springs in the very ingenious manner practised on 
the Eastern Counties Railway, on the watery diluvial 
deposits cut through at so much expense near 
Brentwood; t.e. by a small well concentrating the 
water from the spring, and a drain from the bottom 
of the well leading off the water down the bank, 
and preventing its soaking into the face of the cliff, 
though a small reservoir, wherever the spring water 
seems disposed to concentrate, would answer the pur- 
pose. Sndly, By a footing to the bank or cliff of 
good ponderous stones kept in their places by 
piles, not a masonry wall, but a strong-built rough 
wall of angular stones, well ^* hitched'^ on to each 
other, and secured by strong piles and planks out* 
side, — or in many cases the stones will remain firm 
without the piles and planks, if well bedded on the 
firm soil below the loose shingle. We are aware of 
the tendency of these land- slips to override any 
such footing, but submit that such overriding is chiefly 
owing to the percolation of the springs through the 
porous soil, the stoppage of which would enable such a 
footing to sustain the bank. It is, however, only in 
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case§ of palpable land- springs gushing out from the 
cliff that these downright drains can be depended on 
to carry them off. In other cases where those springs 
are hidden^ or the escape of water is only occasional in 
wet times^ — as, for instance, in the slopes of railway 
cuttings, — ^up and down drains are generally nugatory, 
and sometimes mischievous. Such bank should be 
drained with very oblique and very narrow drains 
3 feet deep, and one above another, with a tile drain 
on a sole filled part of the way, say 1 ^ot, over, with 
any loose material, and the sward earth over that. 
Such drains both catch and carry the water, and are 
sure to be effectual, so that in any case of cliff where 
the protection of the land above is sufficiently valuable 
and important, the cliff may be thus protected with 
little fear of a successful result. 

This hint, if rightly carried out, may save many 
lives, by preventing a slip of railway-bank at the criti- 
cal moment of a train passing, which is the very mo- 
ment that such slip is likely to happen from the shake, 
whilst the soil is saturated with water between two 
upright channels, called drains. 

With this hint we conclude our remarks on embank- 
ments, — and in bringing our labours to a close, we do 
so with the confident hope that we have succeeded at 
least in collecting and arranging, under the different 
heads of our discourse, much instructive matter, 
highly useful to practical men; whilst those before 
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unacquainted witih the nature of searbanks^ and the 
reclamation of lands from the aea^ but whose attention 
may be drawn to the subject either from the nature of 
their property^ or with a view to the employro^at of 
their capital^ will find in these pages a collection of 
facts on which they may with confidence rely, as de- 
rived from experience and stated with impartiality, 
and with which a due attention to their own interests 
makes it necessary they should be acquainted. 



THE END. 
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